ie 


Weather presents problem 


when are applied 


Regardless varying temperatures 
and humidity, you can count re- 
liable NO-OX-ID give stable cor- 
rosion protection pipe lines. 


This illustration pipe treated 
with NO-OX-ID and NO-OX-IDized 
Wrapper the pipe yard and now 
its way laid. 


Coatings are dense, flexible. Tough 
enough resist zero temperatures 
without cracking; sufficiently high 
melting point withstand summer 
suns without flowing. 


24” pipe, NO-OX-ID protected the yard, and 
delivered the line for stringing and welding. 


Average coating thickness 2/32”. 
Tenacious bond makes integral 
part the pipe itself and its chem- 
ical inhibitors effectively prevent un- 
derfilm corrosion. 

Water-repellent NO-OX-IDized 
Wrapper applied over the film gives 
added corrosion protection, prevents 
abrasion and soil attachment. 

Choose your own method appli- 
cation hand traveling ma- 
pipe yards location. invite 
you send for further details. 


THE LEADER RUST PREVENTIVES 
AND BOILER WATER TREATMENT 


DEARBORN CHEMICAL COMPANY 


310 Michigan Ave., Chicago 807-15 Mateo St., Los Angeles 
205 42nd St., New York 2454 Dundas St., West, Toronto 
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You laugh off years ex- 
perience doing one job well... 


CLEANING, 


THE DOW CHEMICAL COMPANY 


has transferred its subsidiary 


Dowell Incorporated 


the marketing its 


MAGNESIUM ANODES 


for control underground corrosion 


serve industry better, Dowell Incorpo- 
rated has been appointed The Dow 
Chemical Company market Dow-made 
magnesium anodes, Galvo-Pak and 
Galvo-Line. Dowell’s widespread engineer- 
ing organization and its continuing research 
program make well qualified help you 
put these materials work controlling 
your corrosion problems. 


Just years ago, The Dow Chemical 
Company pioneered the development 
magnesium anodes for corrosion control. 
Since that time, Dow cathodic protection 
materials have become widely recognized 
efficient, economical means con- 
trolling corrosion pipe lines, tanks, oper- 
ating equipment, steel piling, cables and 


many other structures contact with earth 
water. 

For full information the use mag- 
nesium anodes, Galvo-Pak, and Galvo- 
Line, Dowell’’. Write directly 
Tulsa for complete details. 


DOWELL INCORPORATED Tulsa Oklahoma 


SUBSIDIARY THE 


DOW 


CHEMICAL COMPANY 
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equivale 
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CORROSION 


Researeh and Control 


Published monthly its official journal, the National Association 
Corrosion Engineers, Inc., Houston, Texas, A., provide permanent 
record progress the control corrosion described papers prepared 
for the Association and from other sources. 


COVER PHOTO—Workmen are shown install- 


ing steel panels furring 
during construction building which Vol. APRIL, 1949 No. 
ond glossy easy-to-clean surface 
them for this purpose. The 
photograph wos obtained from the Ferro Enamel 
Corp., Cleveland, Ohio. 
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Thoroughly mix 
“Nationa!” cement 
with “National” 
celerator 
mended proportions, 


Pour part the 
mixture onto table 
and work care. 
fully into the threads 


KEEP PIPE 
ALWAYS STOCK! 


Resists the action acids, alkalies and 
other chemicals 


Light weight with adequate strengt 


Resistant mechanical shock threads... 


Easy machine and install 
Full range sizes and fittings 


For more details, write National Carbon 
Company, Dept. 


The terms and 
are registered trade-marks of 


NATIONAL CARBON COMPANY, INC. 
Unit Union Carbide and Carbon Corporation 


East 42nd Street, New York 17, 


Division Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 
Foreign Department: New York, U.S. 


These products sold Canada Canadian 
National Carbon Company, Ltd., Toronto 4, Canada 


Screw 
off excess cementwith 
result 
ing joint strong 
and imperviousasthe 
pipe itself! 
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Experimental laboratory condenser, with water boxes removed, designed 
The American Brass Company and tubed with eight different copper 
the alloys, appeared after 10-month test, July 28, 1947 May 25, 1948, 
nto table the Marine Test Station International Nickel Co., Kure Beach, 
the threads 
lar... 
ANACONDA Nickel 754 
upro-Nicke 
(10 PERCENT NICKEL CONDENSER TUBE) 
MANUFACTURED AND SOLD UNDER PATENT NO. 2,074,604 
Shows High Resistance Under Accelerated Test 
months testing with high velocity service for central station and marine con- 
. 
water Kure Beach, C., demonstrate handling clean and some types pol- 
the superiority Anaconda Cupro-Nickel 754 sea waters. The American Brass Company 
pipe (nominal composition, copper 89.25 percent, welcomes opportunities discuss problems 
nickel percent, iron .75 percent) condenser tubes, and the services 
ber widely used condenser tube alloys. its Technical Department are available for as- 
The purpose the test was determine selecting alloys meet specific oper- 
corrosion-erosion type deterioration caused 
turbulent flow sea water. The tubes are 
The average velocity sea water flowing 
through the tubes, during the continuous 10- 
month test, was 11.7 feet per second. Water 
temperature varied from 45°F. 85°F., accord- CONDENSER TUBES 
. 
test, and performance records where General Offices: Waterbury 88, Connecticut 
pro-Nickel 754 tubes have been service Subsidiary Anaconda Copper Mining Company 
under severe operating conditions, indicate that 
this tube and tube sheet alloy will give econom- 
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Within recent months ONE oil company ten leases ONE area 
Texas has Coro-Garded new sour crude receiving tanks. 


Coro-Gard sprayable protective coat- 
ing developed especially protect metal 
surfaces exposed the corrosive action 
sour crudes, salt water and solvent vapors. 
rates 21-gun salute its battle against 
corrosion sour crude receiving and stor- 


Secret its success new type synthetic 
rubber which acts permanent, non-ex- 
tractible plasticizer for the resin base ma- 
terials. That means long-lasting flexibility— 
excellent adhesion—high corrosion resist- 
ance—resistance thermal shock. 


age tanks and tankers’ cargo tanks. 


CORO-GARD SPECIFICATIONS Visit 


q 

Color: Coro-Gard 817—gray; Coro- 

Gard 942—black. NATIONAL ASSOCIATION 

Base: combination synthetic 

resin and synthetic rubber. 

Solvent: isobutyl ketone and CORROSION ENGINEERS 

butyl acetate 

Viscosity: 18-26 sec. 80°F Ford CONFERENCE 

olids Content: 30% weight, prox., 

2.4 per gallon BOOTH 417 

New weight: Ibs. per gallon, prox. Netherland-Plaza Hotel 

Coverage: (wet coat) 250 sq. ft. per 

gallon, prox. Cincinnati 

April 11, 1949 

ANOTHER 

Made U.S.A. 
MINNESOTA MINING MFG. 


Adhesives and Coatings Division, 411 Piquette Avenue, Detroit Michigan General Offices, St. Paul Minnesota 
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Fontana* 


common impression among the un- 
initiated that the National Association 
Corrosion Engineers concerned 
only with pipe line corrosion. This situa- 
tion has made difficult, many cases, 
obtain new active members, com- 
pany members, advertisers 
and exhibitors the annual conference, 
from among the very large number 
persons and companies who are inter- 
ested corrosion, aside from pipe lines. 
This impression certainly 
ranted because the many and varied 
activities the NACE which are too 
numerous list here. 

Primary purpose this article 
show, part, the interest and activities 
the NACE “chemical” corrosion 
which embraces, course, large por- 
tion the corrosion problems 
country and abroad. chemical corro- 
sion meant corrosion chemical in- 
dustries and others handling chemical 
reagents. These industries and processes 
make important segment our 
national economy. Some manufacture 
acids and alkalis; others rayon, cello- 
phane, nylon and textiles; paints and 
pigments; explosives, fertilizers, petro- 
leum chemicals, coal tars 
products and other organic chemicals. 
Included also among them are those in- 
volving pickling steel, malang plastics, 
pharmaceuticals, synthetic rubber, paper, 
soaps and detergents, and food process- 


corrosion have been presented during 
NACE Chemical Industry Symposia 


over the past several years. 
Early 1948 subcommittee the 


* Professor and Chairman, Department of 
Metallurgy, The Ohio State University, Colum- 
bus, Ohio. 


Corrosion Problems 


echnical Committee 


Handling and Processing Chemicals 


NACE Technical Practices Committee 
was formed with the title Corro- 
sion Problems Handling and Process- 
ing Chemicals.” Stated briefly, the pur- 
poses this committee are deter- 
mine the materials that are used for 
handling various chemicals, the types 
equipment and why, obtain addi- 
tional required information from chemi- 
cal companies have tests initiated 
fill gaps presently available informa- 
tion, and ultimately draw codes 
covering the most suitable materials and 
methods for the construction various 
types chemical equipment, including 
metallic and non-metallic materials. This 
broad and ambitious program that 
will require long time complete, 
but the information should valuable 
the chemical industry. 

starting points for the above pro- 
gram, several items were selected for 
immediate study. Five subcommittees 
were formed follows: 

TP-5A. “Materials for Handling and 
Manufacturing Sulfuric Acid.” 
Wachter. 


Effective with this issue the “Technical Committee page 
new monthly feature Corrosion, replacing “Message From Your 
Officers”. The growing importance the activities the various 
technical practices committees and other organizations within and 
including the membership the association has made necessary 
allocate each month space devoted resume the most im- 
portant aspects this phase association work. 


Shepard, and Verink, Jr. 

“Sub-surface Corrosion 
Alkaline Solutions.” Schmidt, 
chairman; Gegner, Heinemann 
and Pogacar. 

TP-5D. “Corrosion Organic Acids 
and Bases the Vapor Phase.” 
Cook and Davis. 

TP-5E. “Gasket Materials for 
sion Services.” Cook, 
Gosnell. 

These subjects were selected because 
was felt valuable information could 
obtained relatively short time. 
Considerable progress already has been 
made. The results the work these 
committees will published and 
tributed the NACE. 

Most the other subcommittees 
the Technical Practices Committee and 
other committees the NACE, such 
the Inter-Society Corrosion Committee, 
also are working items interest 
the field chemical corrosion. The 
activities these will 
discussed later this column. The 
tion “Corrosion Problems” 
magazine also covers subjects interest 
the chemical industry. 
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FIBERGLAS UNDERGROUND 


This 28-page technical manual, “Corrosion 
Control for Underground gives you 
complete information how give your 
buried steel pipelines better protection 
lower cost with OWENS-CORNING’s Under- 
Principles underground corrosion and its 
control are discussed both from technical 
and layman’s angle. How-to-do-it informa- 


OWENS-CORNING 


tm Pat OFF 


PIPE WRAP 


tion the proper methods applying and 
data help you specify OWENS-CORNING’s 
Underground Pipe Wrap are given full detail. 

WRITE TODAY for your free copy 
“Corrosion Control for Underground 
Address: Owens-Corning Fiberglas Corp., Dept. 
958, Toledo Ohio, call your nearby 
Owens-Corning Fiberglas Corp. Sales Office, 
located leading cities. 


1949 


the trade-mark (Reg. U.S. Pat. Off.) Owens-Corning Corporation for variety products made with glass fibers. 


ASSOCIATION 
CORROSION 


non-profit, scientific and research association in- 
dividuals and companies concerned with corrosion 
interested it, whose objects are: 


(a) promote scientific research determining 
the causes corrosion and methods its control 
with respect theory and practice. 


(b) provide means exchange knowledge 
and ideas among those individuals actively engaged 
the control corrosion. 


(c) promote methods control corrosion. 


(d) promote standardization terminology, 
methods, equipment and design the development 
methods corrosion control. 


(e) foster cooperation between individual own- 
ers metallic structures the solution their joint 
corrosion problems. 


incorporated association without capital stock, 
chartered under the laws Texas. Its affairs are governed 
Board Directors, elected the general member- 
ship. Officers are nominated (1) the Board Directors, 
(2) quorum least members, and elected 
the membership. 

Inquiries regarding membership, and all general corre- 
spondence should directed the Executive Secretary 
the administrative headquarters the National Associa- 
tion Corrosion Engineers 905 Southern Standard 
Building, 711 Main Street, Houston Texas. 


Officers, 1948-1949 


Vice President ANDERSON 
Houston, Texas 


Treasurer.... Mupp 


Southern Standard Building 
Houston Texas 


President 
NY. 


Vice President 


Shell Pipe Line Corp., Houston, Texas 


Treasurer 


FONTANA 
The Ohio State University, Columbus, Ohio 


PAUL BACHMAN 
Commercial Solvents Corp., Terre Haute, Ind. 


Representing Corporate Membership 


VANCE JENKINS 
Union Oil Co. California, Wilmington, Calif, 


Sun Oil Corp., Philadelphia, Pa, 


GOLDSBY 
Chicago Bridge Iron Co., New York, 


Representing Associate Membership 


STEARNS 
The Stearns Co., Shreveport, La. 


TOM HOLCOMBE 


Holcombe Stearns, Inc., Shreveport, La. 


BALDWIN 
Johns-Manville Sales Corp., New York, 


Representing Regional Areas 


NOPPEL North East 
Ebasco Services, Inc., New York, 

HUGH McDONALD North Central 
Loyola University, Chicago, 

Texas Pipe Line Co., Houston, Texas 

HOUGH 
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American Cast Iron Pipe Co., Birmingham, Ala. 


Directors Officio 
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United Gas Pipe Line Co., Shreveport, La. 


TRUEBLOOD, Chairman, 
Policy and Planning Committee 
Bell Telephone Laboratories, Inc., New York, 
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Shell Pipe Line Corp., Houston, Texas 
Representing Active Membership 
Consolidated Edison Co. New York, 
1946.49 


compartment glass 


igure 
cell used experiments. 


reactions iron electrodes. Although the literature 
contains great deal information this sub- 
ject, some important questions regarding electrode 
reactions have remained unanswered. Experiments 
described this paper were undertaken for the 
purpose developing method which would not 
only indicate when metal passive, but would 
also afford means measuring the “inhibitive 
power” environment. method this sort 
also should applicable the measurement 
the “corrosiveness” non-inhibitive solutions. 

Current-electrode potential polarization meas- 
urements seemed provide the desired method and 
was the chief aim this investigation deter- 
mine the advantages and limitations current- 
potential measurements. This work was confined 
the use bare (that uncoated) electrodes 
order study the technique and evaluate the effect 
the more common constituents media known 
influence corrosion iron. 


ne, 
) 
hip 
Effect Various Aqueous Solutions 
1946-49 
Pure Iron Anodes and Cathodes 
Introduction 
SERVICE LIFE many steel structures 
very closely related the effectiveness 
the system employed protect them from corro- 
Paint and similar organic coatings are used 
widely the protection steel structures. Ability 
such protective coatings perform intended 
Calif. functions contingent upon their ability main- 
tain adequate adhesion the steel surface. 
There little doubt reactions which occur 
the coating/steel interface play important role 
the service life the coating. thorough study 
these reactions seemed one the keys 
for better understanding the mech- 
anism protection metal surfaces paint sys- 
Experiments were initiated therefore 
the factual background for useful work- 
ing hypothesis. 
Pa, One phase this investigation consisted 
Study the influence various constituents 


aqueous corrosion media upon the anode and cathode 


*Technical Department, The New Jersey Zinc Company (of Pa.), 


Palmerton, Pennsylvania. 


City, Mo. 


Theoretical 
Principles underlying experimental work carried 
out the course this investigation will dis- 
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cussed briefly with reference the following elec- 
trolytic cell: 


Saturated 


this cell externally connected battery, 
the magnitude the electrical current flowing 
the circuit will depend primarily upon the value 
and sign the applied emf and the nature 
the electrolyte. The primary effect the applied 
emf change the potential the iron electrode, 
which may made either the anode the cathode. 

the iron the cathode current will flow 
through this cell only when the electrolyte contains 
some material that can reduced the cathode, 
surface the existing cathode potential. Similarly, 
when the iron the anode, current can flow only 
some constituent the solution the elec- 
trode can oxidized the anode potential. 

The magnitude the current that will flow when 
electroreactible material present depends upon 
the nature the material and the rate which 
reaches the surface the electrode where will 
either oxidized reduced. Under certain condi- 
tions, usually with micro electrodes, this results 
the phenomenon limiting currents. limiting 
current current which remains constant 
the potential the electrode changed. 

general, the electroreactible ions solution 
arrive the electrode under the influence two 
more less independent forces. Since the ions 
react soon they reach the electrode (if the 
potential the right magnitude) their concen- 
tration this surface considered zero. And 
since their concentration some distance away 
the bulk the solution remains its original 
value (if the experiment not unduly prolonged), 
the ions will diffuse the electrode under con- 
stant concentration gradient. Their movement also 
will influenced electrical force proportional 
the electrical potential gradient the electrode. 
The terms current” and “migration cur- 
rent” frequently are used indicate those fractions 
the total current resulting from the diffusion 
and electrical migration, respectively, ions the 
electrode. 

polarographic work, the effect the potential 
gradient the movement the electroreactive 
material reduced negligibly low value 
adding the solution indifferent electrolyte 
which will carry the current through the bulk 
the solution, but whose ions are not electroreactive 
the potentials which obtain. this way limit- 
ing currents that are due solely diffusion can 
obtained. practice, this condition reached 
when the concentration the indifferent electrolyte 
about times that the electroreactive material. 

Polarographic analysis based upon the facts 
that these limiting diffusion currents are pro- 
portional the concentration the 
material the solution, and given solution 
and with given electrode, the potentials which 
different ions are reduced oxidized have fixed 
values. Thus the potential which reaction occurs, 
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indicated rapid change current with small 


change potential, identifies the reacting 
while the magnitude the diffusion current 
direct measure its concentration. 

Kolthoff and give the following 
tion for the value the diffusion current 
with stationary electrode when the 
gradient linear. According Fick’s First Law 
diffusion, the total flux, diffusing substance 
having diffusion coefficient through 


where the molar concentration diffusing 
terial the bulk the solution, and its 
centration the electrode surface. The current due 
the electrode reaction 


where the number electrons involved the 
electrode reaction and the Faraday. 

When diffusion current reached and state 
almost complete concentration polarization 
tained, the concentration the electrode surface 
becomes vanishingly small and the diffusion current 
becomes 


96500 coulombs 
millimoles per liter 
cm?/sec. 


and mm, respectively. 


becomes 


(4) 


Since for given electrode, will constant and! 
assumed constant, the diffusion current 
directly proportional the concentration the 
active material the bulk the solution, this 
case. 


Polarographic methods therefore were employed 


this investigation because they afforded means 


studying separately the effect different solutes 
upon the cathode and anode reactions with 
electrode aqueous solutions. 


Experimental Procedure 


Briefly, the basic scheme this investigation 
sited studying the variations current flow and 


electrical potential pure iron electrode under the 


influence variations impressed emi and 


ations the oxygen, hydrogen ion and 


concentration the electrolyte. The 


usually were started with the iron test electrode 
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the cathode and carried far enough make the elec- 
trode definitely anodic. one phase the investi- 
gation these steps then were retraced the opposite 
direction order return the electrode its origi- 


from the Westin 


8. mm. were 


nal cathodic condition. 
glass electrolysis cell used was constructed 
specifically for this purpose and shown Figure 
consisted three compartments, large calomel 
electrode the right, conditioning compartment 
the center, and the test compartment equipped with 
smaller calomel cell the left. The connecting 
tube between the center compartment and the large 
calomel electrode contained medium porosity 
glass disk and saturated agar plug, 
while the connecting tube between the center com- 
partment and the test chamber the left contained 
only medium-porosity fritted glass disk. Both the 
and the left-hand compartments this cell 
were with fritted glass bubbler tubes permit 
bubbling any desired gas through the electrolyte. 
The test chamber (left-hand compartment) con- 


tained built-in probe with tip having opening 


diameter and extending about the center 
this compartment shown Figure The side 
chamber the saturated calomel reference electrode 
contained. above the normal liquid level, side arm 
which could closed means attached stop- 
cock. This served inlet for the conditioning gas 
which forced the liquid from the reference electrode 
through the probe and into the test 


chamber where was acted upon gas entering 


the bottom bubbler. When treatment with 
the desired gas had been completed, liquid was re- 
turned the reference electrode compartment 
opening the atmosphere three-way stopcock 


this gas line. During test, the cell was closed off 


from the atmosphere shutting all stopcocks. 

The test electrode was short length 
turned lathe the proper diameter** and 
threaded one end screw into tapped hole near 
the end 3/16-inch steel rod. This steel rod served 
hold the smaller Puron electrode horizontal 
position, and also furnish electrical terminal 
outside the cell. The upper end the test compart- 
ment was closed with No. rubber stopper fitted 
with stopcock permit the escape gas, and con- 
taining 12-mm hole. During operation, this hole 
was closed with snugly fitting cork through which 
passed the steel rod holding the Puron electrode. This 
arrangement gave the degree flexibility needed 
position the Puron electrode about from the tip 
the probe shown Figure 

The electrode and its steel rod holder were coated 
heavily with ceresin wax dipping several times 
molten bath this material. The coating 
Wax was removed carefully from the end the 
Puron electrode with knife. Then, just prior 


the end was ground polished metallo- 
polishing wheel with emery designated 


having settling rate water inch seconds, 


anda maximum particle size 14.138 


This is the trade name of the spectrographic iron purchased 


ghouse Electric & Manufacturing Company. 
having an exposed, or cross sectional area of 2 and 
employed in these tests. 


Electrodes 


EFFECT AQUEOUS SOLUTIONS PURE IRON ANODES 


EME), 


Figure 2—Detail cell: A—Calomel reference electrode; B—Reference 
electrode probe; C—Test electrode; D—Solution level. 


The first polishing operation usually cut back the 
wax along the sides the electrode and left some 
emery particles embedded the wax surface. These 
particles were removed cutting scraping away 
some the wax with the point knife. The wax 
coating was restored holding the electrode over 
hotplate just long enough melt some the wax 
and allow run down and recoat the bared 
sides the electrode. The tip the electrode then 
was given very light polishing the same abrasive 
wheel remove any oxide formed, and any wax 
condensed the surface during the mild heating 
operation. After rinsing distilled water and careful 
drying with filter paper the electrode was ready for 
use. 

Figure schematic diagram the circuit em- 
ployed carrying out these electrolysis measure- 
ments. The cell shown the top this illustra- 
tion, with the large calomel current electrode the 
right and the test compartment the left. The solid 
lines indicate the connections which variable 
external emf was applied the cell polarize 
electrode under study. The source this emf con- 
sisted three 1.5-volt dry cells connected through 
reversing switch the slide wire and the rheo- 
stat The adjustable taps and provided for 
fine and coarse adjustment, respectively, the mag- 
nitude the emf applied cell. 

was 10,000-ohm resistance series with the 
cell, across all known part which, the voltage 
drop was measured determine the direction and 
magnitude the current flowing through the cell. 
was the resistance across which this potential 
drop was measured. most experiments was equal 
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The dashed lines Figure represent the leads 
which were carried through suitable switching ar- 
rangement the potentiometer. Leeds Northrup 
Student Type potentiometer and Rubicon galva- 
nometer* were used making these measurements. 

The cell employed some these experiments 
may pictured 


With the two electrodes connected together but 
with externally applied emf, positive current will 
flow through this cell from left right. Under these 
conditions, the iron will the anode and will have 
negative potential with respect the saturated 
calomel reference electrode. When the current flows 
from left right the above cell clockwise 
Figure called positive current. When 
flows the reverse direction indicated 
change the sign potential drop across R,, 
called negative current. Therefore, when IR, and 
the current are positive the iron the anode; 
when they are negative the iron the cathode. 
might added that the change from the cathodic 
the anodic state (or the reverse) for gross elec- 
trode such the one Puron employed these 
experiments, even though had but small area, un- 


Figure 3—Electrical circuit: reference electrode; D—Test 
electrode; E—Leads potentiometer for measuring potential test 
electrode. 


MICROAMPERES 


ELECTRODE POTENTIAL - VOLTS 


Figure 4—Cell current versus electrode potential, Puron micro-electrode 

oxygen-free N/10 ABDE—Chromate-free solution 8.0. 

ABDFG—4.8528 grams per liter ACDE—Chromate- 


doubtedly was not sharp sudden Some 
elements the electrode surface certainly would 


somewhat less cathodic than others virtue 


ferences stresses, crystal structure, These 


would become anodic somewhat more negative 


potential than would the gross electrode. This 


some slight corrosion could occur while the 
whole was still mildly cathodic, before the 
current reversed from negative positive. 
with the potential changing the opposite direc. 
tion, there probably would cathodic points the 
surface while the gross electrode was still anodic. 

Nitrogen was used number the experiments 
free the test solution dissolved oxygen. Com. 
pressed tank nitrogen was employed, but was 
ther purified passage over hot (425° copper 
gauze. The purified nitrogen then was passed through 
two wash bottles containing solution 
mately the same composition that the cell 
order humidify the gas before 
through the test electrolyte. 

With easily corroded electrode such iron, 
special procedure was employed starting test 
order avoid changing the surface the elec- 
trode corrosion, and contaminating the electro- 
lyte with corrosion products. This was accomplished 
placing the electrode the proper position the 


clean dry cell, and applying sufficient external po- 


tential make cathodic before the introduction 
the electrolyte. The middle compartment the 
cell was filled first and then electrolyte was poured 


into the reference electrode compartment, from 
which entered the test chamber through the probe. 


Before operation, the test electrode was 
given 90° turn its surface would not be. wetted 
the electrolyte until the level had risen sufficiently 
submerge and complete the electrolytic 
tion with the large calomel current electrode. this 
manner the iron electrode was cathodic soon 
came contact with the electrolyte, and remained 
until its potential was purposely modified. 

mentioned above, purified nitrogen was used 
free the electrolyte the test cell dissolved 
oxygen. was allowed bubble rapid rate 
through the middle and test compartments the 
cell for least minutes before the measurements. 
Experimental data presented Kolthoff and 
gane? indicate that this treatment, especially when 
using fritted glass bubbler tubes break the gas 
stream into multitude very small bubbles, should 


reduce the oxygen content the electrolyte 


negligible value. 

several experiments, air was bubbled through 
the electrolyte order sure that was 
rated with this gas. And one test, pure 
was employed raise the dissolved oxygen 
tration the electrolyte. 


all cases the gassing operation was carried 


after the electrodes, both the test electrode and the 
calomel reference electrode, had been placed the 
cell. Hence was only necessary completing this 
operation, shut off the gas flow, return electrolyte 


*For some of the first tests a Sensitive Research ‘ah 
microammeter was used in place of the Rubicon galvanometer 


Instrument Corp.’ 
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Figure 5—Effect variations hydrogen ion 

concentration oxygen-free N/10 

Puron electrode. No. 34—pH 2.0; No. 

4.0; No, No. 31— 
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Figure 8—Effect variations hydrogen ion 
Puron electrode. No. 83— 


No. 2.5; No. 85—pH 
3.0; No. 3.5; No. 87—pH No. 


88—pH 4.5. 
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Figure variations hydrogen ion 


Concentration oxygen-free N/10 KCI contain- 


gram per liter. Puron 
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ELECTRODE POTENTIAL — VOLTS 
Figure 6—Effect variation hydrogen ion 
concentration oxygen-free N/10 KCI. 
Puron electrode. No. 76—pH 2.0; No. 74— 
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ELECTRODE POTENTIAL — VOLTS 
Figure 9—Effect variations hydrogen ion 
concentration oxygen-free N/10 KCI con- 
taining 0.2427 grams per liter. 
Puron electrode. No. 89—pH 2.0; No. 90— 
2.5; No. 3.0; No. 92—pH 
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+40 
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Figure 7—Effect variations hydrogen ion 

concentration oxygen-free N/10 KCI contain- 

mm’ Puron electrode. No. 2.0; No. 

4.0; No. 6.0; No. 67—pH 
8.0; No. 65—pH 10.0. 
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Figure 10—Effect variations hydrogen ion 
concentration oxygen-free N/10 KCI contain- 
ing 0.4853 gram per liter. Puron 


through the probe the reference electrode compartment, turn the test 
electrode exactly face the probe opening, and close all stopcocks, 
before beginning the measurements. 

Normally three potential mieasurements were made each value 
the externally applied emf, namely the potential the test electrode, 
IR,, the potential drop across the known resistance R,, and 
the potential drop across the cell itself. The applied emf was changed 
stepwise manner order vary the potential the test electrode 
from negative positive value, or, more precisely, vary the cell 
current from definitely negative cathodic value definitely posi- 
tive anodic value. The range covered any one test depended 
considerable extent upon the objective that particular experiment. 
this manner more less systematic study was made the effect 
variations the concentration hydrogen ion, oxygen, and chromate 
ion potassium sulfate and potassium chloride solutions. 
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Experimental Results 


The experimental results obtained the course 
this investigation will presented and discussed 
the following order: 


effect various solution constituents upon the re- 
action iron cathode. 


The effect variations hydrogen ion concentra- 
tion. 


The effect variations oxygen concentration. 
The effect variations chromate ion concentration. 


effect various solution constituents upon the re- 
action iron anode. 


The effect variations hydrogen ion concentration. 
The effect variations oxygen concentration. 
The effect variations chromate ion concentration. 


passivity versus current density 
aqueous solutions. 


I—Cathodic Reactions 
The first major part this discussion therefore 
will devoted reactions occurring pure iron 


(Puron) surface when cathodic, that is, when the 
cell current negative. 


Figure included illustrate several points 
which will facilitate understanding subsequent 
current-potential diagrams. The ABD portion the 
cathodic current curve typical the behavior 
iron electrode solution containing very little 
substance which can reduced potentials 
more positive than the value required for the elec- 
trolysis water. For example, with iron elec- 
trode alkaline oxygen-free N/10 K,SO, 
solution, there insufficient hydrogen ion support 
any appreciable cathodic current, and the potassium 
ions are not reduced the potentials shown. There- 
fore, current will flow until cathode potential 
around volt* reached, when water elec- 
trolyzed and hydrogen evolved the current in- 
creases rapidly with but small changes potential. 
This behavior typical metal cathodes, but the 
potential which hydrogen evolution occurs de- 
pends upon the hydrogen overvoltage the metal. 

ACD the type curve that would obtained 
under ideal conditions when the electrolyte contains 
electro-reducible material such Under 
these conditions, the limiting diffusion current 
directly proportional the concentration the 
amperes, and this had been obtained with then 


From this equation the concentration can 
calculated and are known, the effective 
thickness the diffusion layer can determined 
and are known. 

Deviations from the cathodic curve ABD (see 
Figure will the result the electrolytic reduc- 
tion solution constituents such dissolved oxy- 
gen, hydrogen, ion, chromate ion, etc., the cathode 
surface. 


*This and all other potentials given in this report are with 
reference to the saturated calomel electrode. 
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Cathode. 


Figures 11, inclusive, show the influence 
variations the hydrogen ion concentration 
different electrolytes upon the cathode current 
stationary pure iron surface. The curves 
Figure were obtained with oxygen-free 
K,SO, solutions varying from 2.0 109 
steps 2.0 units. These values wer 
obtained adjusting the solutions with 
H,SO,** KOH. None the solutions 


Figure indicates that under the conditions 
the experiment, significant cathodic current was 
obtained with the solution. This current 
Throughout this same potential region the currents 
obtained with the other solutions (pH 
were less than microamperes. 

The actual magnitude the current obtained with 
any these solutions depends upon two things, 
namely, the the solution and the size, shape, 
position, etc. the electrode. With 
increasing the size the electrode, rotating it, 
stirring the solution would increase the current 
increasing the rate which could reach its 
surface. However, with all the and 
cell factors constant, the current would directly 
proportional the hydrogen 
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microampere 

Under ideal conditions, the phenomenon 
iting currents should exhibited these cathodic 
current-potential curves. That is, the curves this 


region should have the same general shape ACD 


Figure Such ideal limiting current curves 


seldom have been obtained this work with Puron 


electrodes. Most important reason for this prob- 
ably the stirring the solution the electrode 
caused products electrolysis having different 
densities than the reactants. Thus, denser 
would fall away from the electrode surface and 
doing, would set the solution motion past the 
electrode surface. This would, course, 
the rate which the electroreactive material would 
arrive the electrode surface, and would thereby 
modify the current. appears that stationary solid 
metal electrodes generally present 

mentioned earlier this report, concentration 
the electroreducible material considered 
zero the cathode surface when the potential 
such that the reaction proceeding and 


flowing. evident that when hydrogen ions att 


being reduced, the the solution 


with the cathode must definitely higher 


the hydrogen ion concentration will essentially 


current flows through the cell these 


vith 
the case KC1 solutions, adjustments were made 


either HC or KOH. 
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undoubtedly explains why, Figure the iron 
electrode did not become anodic until reached 
more positive potential the solu- 
tion, than those solutions higher where 
significant current flowed. 


Figures and were obtained with data from 
two experiments which were identical except that 
the supporting electrolytes were N/10 K,SO, and 
N/10 respectively. The fact the curves are 
identical within experimental limits, shows that two 
anions, sulfate and chloride, which are known 
differ greatly their influence upon the corrosion 
most metals, did not differ all their effect 
upon the cathode reaction. This means, course, 
their influence must exerted the anodic half 
the corrosion reaction only. This point will 
discussed later. 


The current-potential curves Figure were 
obtained with air-saturated N/10 
ranging from 10. The effect varia- 
tions the hydrogen ion concentration the elec- 
trolyte seen unaltered practically the 
presence absence dissolved oxygen (compare 
Figures and 7). true higher currents were 
obtained each solution the presence oxygen 
than its absence, but this because oxygen itself 
was reduced the cathode. more detailed dis- 
cussion the reduction oxygen will given 
later. comparison Figures and also shows 
the potential which the iron became anodic was 
more negative about 0.05 volt when the solution 
was free dissolved oxygen than when was 
saturated with air. 


Figures present the current-potential 
curves obtained study the effect varia- 
tions the presence different concentrations 
chromate ion. The supporting elctrolyte was 
N/10 all cases; all solutions were freed 
dissolved oxygen and the electrode was 5-mm? 
area pure iron. These curves supplement those 
already discussed that they cover the range 
from 3.5 4.5, where measurable cell currents 
more clearly show the effect variations the 
hydrogen ion concentration. The solutions employed 
obtaining Figures 11, contained 0.2427, 
0.4853, and 0.7280 grams K,CrO, per liter, respec- 
tively.* The higher cathodic currents observed 
the presence potassium chromate indicate the 
chromate ion the iron cathode. This 
point mentioned here order facilitate 
interpretation the curves Figures 11, inclu- 
sive. Cathodic reduction chromate ions will 
discussed detail subsequent section this 
Major conclusion derived from these 
this time that the effect variations 
hydrogen ion concentration upon the cathodic 
appears agree with the theory that 
with increasing hydrogen ion concentration 
decreasing pH. 


paper chromate concentrations are given 
simple per The odd values encountered represent 
parts 1-gram molecular weight per liter. Thus 
0.00375 a and 0.7280 gram per liter equal 0.00125, 0.0025, and 


per liter, respectively. 
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The Reduction Dissolved Oxygen Pure Iron 

Kolthoff and state that aqueous solu- 
tions the electrolytic reduction dissolved oxygen 
proceeds according the following equations: 

acid solutions— 


H.O:2 2H* 2e 2H:O0 


alkaline solutions— 
The current-potential curves Figure were 


obtained with 2-mm? Puron electrode 
solutions 6.0. The three curves repre- 
sented are for oxygen-free, air-saturated, and oxy- 
gen-saturated solutions. The first was obtained 
bubbling purified nitrogen and the last bubbling 
oxygen through the air-saturated solution. 


electrode potential —0.80 volt the cathodic 
current values were about 0.1, 1.4 and 5.6 micro- 
amperes for the oxygen-free, air-saturated, and 
oxygen-saturated solutions, respectively. Since 
air-saturated dilute aqueous solution contains about 
0.008 gram (2.5 dissolved oxygen 
per liter, the cathodic current data indicate con- 
centration about four times great, 0.032 gram 
per liter the oxygen-saturated solution. 


The five pairs curves Figures present 
additional data the reduction dissolved oxygen 
Puron cathode showing the results obtained 
with oxygen-free and air-saturated solutions vari- 
ous hydrogen ion concentrations. These tests were 
also made with 2-mm? electrode N/10 KCl 
solutions. the acid solution (pH the cathode 
current was more than twice great the pres- 
ence about 0.008 gram per liter dissolved 
oxygen, was without this oxygen. 

hydrogen ion concentrations corresponding 
values and 10, higher currents were 
obtained with the air-saturated than with the 
oxygen-free solutions. However, the maximum cur- 
rent resulting from the reduction oxygen was 
only about microampere the range from 
10. 

The reactions given Kolthoff and Lingane for 
the electrolytic reduction oxygen not clearly 
depict the mechanism the process. For example, 
stated that acid solutions the net reaction is: 


However, the absence dissolved oxygen the 


hydrogen ions would reduced according the 
reaction: 


4H* 2H: (7) 


Since these equations involve but one electron per 
hydrogen ion, the electrical current should the 
same whether there oxygen present not. How- 
ever, the cathode surface, the hydrogen ion con- 
centration would zero, the solution would 


q 
4 
q 
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Figure 12—Effect variations dissolved 

oxygen concentration N/10 KCI 6.0. 

free; No. air-saturated; No. oxygen- 
saturated. 


longer acid and oxygen should reduced 
the reaction given Kolthoff and Lingane for 
neutral and alkaline solutions, namely: 


Thus the increase the cathodic current obtained 
the presence dissolved oxygen apparently was 
consequence the reduction oxygen according 
equation (6). However, would expected 
that this reaction would only occur when there 
was excess oxygen over that required 
reaction (5). other words, the solution con- 
tained one molecule for every four and 
the diffusion rates were the same, the cathodic 
current should the same that obtained the ab- 
sence the oxygen. Only the excess oxygen should 
reduced shown equation (6). That this 
explanation not correct indicated Figures 
which show much higher cathodic current 
when the 0.01M solution contained 0.00025 mole 
oxygen per liter, than when contained none. 
2.0 (0.01M air-saturated solution con- 
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ELECTRODE POTENTIAL— VOLTS 
Figure 16—Effect dissolved oxygen 
8.0. Puron electrode. No. 68—oxygen- 
free; No. 67—air-saturated. 


Figure 15—Effect dissolved oxygen 
6.0. mm’ Puron electrode. No. 72—oxygen- 
free; No. 
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Figure 13—Effect dissolved oxygen 
free; No. 


ELECTRODE POTENTIAL VOLTS 


Figure 14—Effect dissolved oxygen 
4.0. Puron electrode. No. 74—oxygen- 
free; 


tains only about one-tenth much dissolved oxygen 
required equation (5). the higher current 
obtained was due the reduction all the 
oxygen the reaction (6), then one would expect 
find the same effect high levels. Instead, 
there was very little increase the cur- 
rent due the presence dissolved oxygen 
levels and higher. therefore concluded 
that the experimental data available this time 
are insufficient offer satisfactory explanation 
the effect variations hydrogen ion concentration 
upon the reduction dissolved oxygen pure 
iron cathode. 


The Reduction Chromate Ions Pure Iron 
Cathode 

Potassium chromate (K,CrO,) all 
cases which the effect chromate ion was studied 
connection with this investigation. Since some 
all the chromate added solution may 
converted hydrochromate and dichromate when 
the changed, seemed desirable investigate 
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Figure 17—Effect dissolved oxygen 
10.0. mm’ Puron electrode. No. 
free; No. 
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the equilibrium concentrations these materials 
hydrogen ion concentrations. The follow- 
reactions are involved the formation the 
and 


+ HCrO; (8) 
Neuss and obtained the following equi- 


constants for these two reactions: 


[HCrOv] Y HCrO- 


[CrO.077] 7 


(10) 


(11) 


Brackets indicate the concentration moles 
liter. 

When brief search the literature failed 

uncover adequate data the activity coefficients 
(y) all three the chromate ions involved the 
above reactions, their values were assumed 
for the purpose these calculations. Equi- 
librium concentrations derived this manner will 
least serve indicate the trends and will approach 
values the total chromate concentration 
zero. 
Assuming the activity coffeicients the 
and unity (as they would 
infinite dilution) equations (10) and (11) 
simplify to: 


[Cr20,7] 


43.48 (13) 


further equation, 


initially introduced into the solution, yields three 
equations which, when solved simultaneously, give 
concentrations the three types chromate 
Calculations were carried out for changes 
from 2.0 10.0 and total potassium chromate 
concentration (M) from 0.001 1.00 molar.* These 
are presented several ways Tables 
Actual concentrations the HCrO,, 
able compare more readily the effects the 
independent variables, and the mole fractions 


the different chromate ions calculated from 
equation 


_[CrO; [(HCrO¢g] 


(15) 


2[Cr:077] 


a 


are presented Tables and III. should 
that data for the dichromate ion 


*In the ex 


S a perimental work with Puron electrodes M ranged from 
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equation. Tables and III differ only the 
arrangement the data, which are presented 
show most clearly the effect variations 
and respectively. 

addition, some the results are illustrated 
graphically Figures and 19. Figure shows 
the variations the mole fractions the different 
species chromate ions 1.0 and 0.001 molar 
potassium chromate solutions ranging from 
2.0 10.0. Figure shows the effect varia- 
tions 6.0 upon the relative concentrations 
the three kinds chromate ion. For convenience 
the data were plotted against log rather than 
itself. 

Results these calculations may summarized 
briefly follows: For all values from 0.001 
1.0, the CrO, concentration increased about 
100,000 times the changed from 10. 
the same time the HCrO, concentration decreased 
about 1/1000 its value and the con- 
and about 1/100,000,000 0.001. 

Effect variations total potassium chromate 
concentration was much less marked than that 


FIGURE 18 


CHROMATE ION CONCENTRATION 


Figure 18—Variation with the relative concentrations the 
various species chromate ion aqueous solution. 
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Figure 19—Variation with total potassium chromate concentration (M) 
the various species chromate ion aqueous solution 6.0. 
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Table Effect and Total Potassium Chromate Concentration Variations the Concentrations and 


2.0 4.0 6.0 8.0 10.0 


All concentrations are moles per liter. 
M = The total concentration of potassium chromate = (CrO47) + (HCrO4-) + 2(Cr2077). 


Table Effect and Total Potassium Chromate Concentration Variations the Relative Concentrations 
and Arranged Show the Effect Changes 


3.3x10-6 1.0x10-! 9.0x10-! 4.5x10-6 1.4x10-! 8.6x10-! 9.2x10-6 2.9x10-! 7.1x10-! 
3.3x10-4 1.0x10-! 9.0x10-! 4.5x10-4 1.4x107! 8.6x10-! 9.2x10-4 2.9x10-! 
3.2x10-2 10.0x10-2 8.7x10-! 4.4x10-2 1,4x10-! 8.2x10-! 8.7x10-2 2.7x10-! 
9.0x10-! 2.8x10-2 6.9x10-2 9.3x10-! 2.9x10-2 3.7x10-2 9.6x10-! 3.0x10-2 
10 x10"! 3.1x10-4 8.5x10-6 10 3.1x10-4 4.2x10-6 10 x10! 3.1x10-4 


1000 900000 1400 


1400 710000 


1400 640000 
290 7900 
3.1 0.85 


1.6x10-5 4.9x107! 5.1x10-! 2.0x10-5 6.4x10-! 3.6x10~! 3.0x10-5 
1.6x10-3 49x10"! 5.1x10-! 2.1x10-3 6.4x107! 3.6x10-! 3.0x10-3 
4.4x107! 4.2x10-! 1,8x10-! 5.5x10-! 2.7x10-! 2.3x107! 
10 x10"! 3.1x10-4 2.1x10-7 10 x10-! 3.1x10-4 8.5x10-8 10 x10"! 3.1x10-4 


| 


Mx10-4 Mxl10-6 Mx10-6 Mx10-4 Mx10-6 Mxl10-6 Mxl10-4 


510000 20 | 6400 | 360000 | 30 | 9300 74000 

510000 2100 6400 | 360000 | 3000 9200 74000 

| | 420000 | 180000 | 5500 | 270000 230000 7200 46000 
970000 | 2000 970000 300 | 800 | 960000 | 300 3% 
1000000 | . | 0.21 | 1000000 3.1 0.085 | 1000000 3.1 0.0085 


All concentrations are in mcles per liter. 


Table Effect and Total Potassium Chromate Concentration Variations the Relative Concentrations 
and 


(Arranged show the effect variations total potassium chromate concentration) 


0.001 | 3. 9.3x10-! | 7.4x10-2 J ‘| 9.2x10-1 2.3x10~! | 7.2x10-! | 4.6x10-2 | 9.6x10-! 0x10-* | 10x10! | 3.1xi0-4 | 85x10 


(CrOs-) | (HCrOs 2(Cr207° 


| 


A.| concentrations arei n moles per liter. 
M = The total concentration of potassium chromtae = (CrO4a~) + (HCrO4>) + 2(Cr207"). 
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78 
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potassium chromate concentration increased from 


significant effect upon the concentra- 


tion. the concentration HCrO, also de- 
creased percent increased from 0.001 1.0. 
And the effect became negligible (i.e. less than 
percent) 10.0. For this thousandfold increase 
the concentration increased tenfold 


2.0 and one thousandfold 10.0. For 


more detailed data regarding the concentrations the 


tables should consulted. 

Four groups current-potential curves, Figures 
23, are included here show the effect 
the hydrogen ion concentration upon 
magnitude the current resulting from the 
reduction chromate ion. These curves were 
obtained with 5-mm? Puron electrode oxygen- 
free N/10 solutions hydrogen ion concen- 
trations corresponding values 2.0, 2.5, 3.0 


three chromate ions various values and 


and 3.5. The test solutions were made with four 
concentrations K,CrO,, namely, 0.2427 gram 
per liter (0.00125 M), 0.4853 gram per litter (0.0025 


and 0.7280 gram per liter (0.00375 M). 
Current-potential curves shown Figure were 


obtained with the four solutions adjusted 
20. The shape these cathodic (negative) cur- 
curves clearly indicates that chromate ions 


were reduced this hydrogen ion concentration. 
potential volt, the current resulting 
from the reduction hydrogen ion only (No. 83) 
was 17.5 microamperes. With chromate present 
the solution, and apparently being reduced simul- 
taneously with hydrogen ion, current values 
—0.8 volt were much higher, namely, 79, 100, and 
140 (estimated) microamperes for chromate con- 
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centrations 0.2427, 0.4853, 
‘per liter, respectively. 

When identical solutions were adjusted 
2.5 and tested, much lower cathodic currents were 
observed shown Figure 21. would 
expected, the current resulting from the reduction 
hydrogen ion alone lower 2.5 than 
2.0. The fact that lower currents were obtained 
2.5 than 2.0 with the same chromate 
concentrations, indicates that reduction chromate 
ion also dependent upon hydrogen ion concen- 
tration the solution. should noted that 
Figure 21, higher cathodic currents were obtained 
with 0.2427, than with 0.4853 gram K,CrO, per 
liter. This reversal which, although cannot 
explained, will disregarded being due 
error somewhere the experiment. 

The curves Figure illustrate the effect upon 
the cathodic current increasing chromate con- 
centration hydrogen ion concentration cor- 
responding 3.0. this case the current 
resulting from the reduction chromate ion was 
quite small, ranging from maximum micro- 
—1.0 

Figure shows the effect still lower hydro- 
gen ion concentration, 3.5. The highest cathodic 
current was obtained with the solution containing 
0.7280 gram per liter. However, these values 
exceeded the ones for the chromate-free solution 
only about microamperes the average, indicating 
that relatively little the chromate present the 
solutions was being reduced this pH. 

The fact that the reduction chromate ion 
iron cathode some function the hydrogen 
ion concentration the electrolyte clearly shown 
the experimental data just discussed. For 
example, the cathodic currents presumably resulting 
from chromate reduction solutions containing 
0.4853 gram K,CrO, per liter were 82, 17, and 
3.5, respectively. 

According Table the concentrations 
HCrO, and potassium chromate 


and 0.7280 gram 
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Figure 20—Effect variations chromate ion 
Concentration oxygen-free N/10 KCI solutions 
per liter: No. 89—0.2427; No. 77— 

0.4853; No. 93—0.7280, 


ELECTRODE VOLTS 


Figure 21—Effect variations chromate ion 
concentration oxygen-free N/10 KCI solutions 
per liter: No. 90—0.2427; No. 78— 
0.4853; No, 94—0.7280. 
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Figure 22—Effect variations chromate ion 

concentration oxygen-free N/10 KCI solutions 

per liter: No. No. No. 79— 
0.4853; No. 
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Figure 23—Effect variations chromate ion 

concentration oxygen-free N/10 KCI solutions 

per liter: No. 86—0; No. 92—0.2427; 80— 
0.4853; No. 


solutions ranging from 0.00125 0.00375 molar, 
would not change significantly between 2.0 and 
4.0. concluded therefore, that hydrogen 
ions must present for the reduction chromate 
Puron cathode. 

Apparently and possibly also HCrO, are 
reduced cathodically values 3.5 and lower. 
would expected that this would occur the 
following reactions: 


MICROAMPERES 


ELECTRODE POTENTIAL-VOLTS 


Figure 24—Effect variations hydrogen ion concentration oxygen- 

free N/10 the presence chromate ion, 0.4853 per 

Puron electrode. No. 2.0; No. 38—pH 4.0; 
No, 37—pH 6.0; No. 36—pH 8.0. 


should kept mind that and 
are anions and under some conditions 
moved away from the cathode the flow elec- 
trical current. This would lower the rate which 
the chromate ions reach the cathode surface and 
hence would reduce the current. However, these 
experiments were carried out with sufficient indiffer- 
ent electrolyte KCl K,SO, the solution 
reduce the migration currents for the electroreactive 
ions substantially zero. 


(To Concluded the May Issue) 


DISCUSSIONS ARE INVITED 


Readers who wish submit written information additive articles published 
who wish register differences opinion with respect any article are urged send 


such discussions Dr. Paul Bachman, Chairman, NACE Editorial Review Committee, 
Commercial Solvents Corp., Terre Haute, Indiana. Doctor Bachman will submit such discus- 


sions member the review committee, and after review and approval the discussion 


will published. 


The expression opinions about the addition information that contained 
technical articles will advance the interests NACE and make Corrosion more valuable 


the membership. 
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ITS WIDEST sense, the phrase “marine foul- 
covers not only the familiar weeds,” 
“mosses,” barnacles and coralline structures seen at- 
tached hulls ships and wreathing piling har- 
bors, but also boring animals which attack sub- 
merged woodwork. has been stretched cover 
the corrosion metal structures, although this last 
really partially effect and cannot properly 
classed under this term. 

the first instance, that external growths 
which cover almost every submerged surface, organ- 
isms involved are many and diverse. has been 
found, for instance, that ships operating out 
United States Atlantic harbors, there were less 
than forms present, representing seven phyla 
the animal kingdom and one division plants. Re- 
peated for all the seas the world, this accounts 
for almost incalculable number species, al- 
though the main they belong the same families. 

Perhaps the most important all are the barna- 
cles, which there are some 150 species although 
not all are found ships. Those that are found 
ships, however, vary greatly size and shape. There 
are miniature forms never growing more than 
one-quarter inch diameter height, and there are 
giant forms from the tropics which become three 
four inches wide and much six inches high, 
and which, growing one upon the other, occasionally 
form clusters extending more than inches 
from the hull. 

The life history the barnacle extremely com- 
plicated but, because will serve sort pat- 
tern for other fouling organisms, considered here. 


Life Story Complex 

Eggs are fertilized and hatched within the body 
The microscopic larvae are discharged into 
the waters the sea shift for themselves. Free- 
swimming and single-eyed, the organism known 
this stage from one ten days 
the nauplii metamorphose into tiny, bivalved, clam- 
like forms known “cyprids.” this stage they 
generally dispense with the median eye, growing 


pair compound lenses. They grow the six 
thoracic appendages the adult and acquire ad- 


* A paper presented at the Sept. 9, 1947, meeting of the Houston 
(Texas) Local Section of the South Central Region of NACE. 
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dition two long slender antennae covered with many 
sensitive hairs bristles. These cyprid larvae float 
and swim about for considerable time (often for 
two three months) and apparently exercise con- 
siderable choice before finally attaching themselves 
the hull vessel, piling, racks other sub- 
merged surfaces, the use adhesive pads the 
Once they have settled down, they under- 
another metamorphosis, attaining their adult form, 
and growing rapidly until they attain adult size. 

probable all barnacles attached metals are 
responsible for its accelerated corrosion, and one 
form, Chthamalus Stellatus, particularly prone 
cause such deterioration, due its large size and 
the fact lives above low tide marks only thus being 
exposed air all times, excepting high 

The second most numerous animal group among 
the fouling organisms that the hydroids, colonial 
animals which have somewhat the same course 
development barnacles the time their at- 
tachment. Once this has taken place, however, the 
course the hydroids’ development quite 
The barnacle one animal, and grows singly, but 
the tree-like growth hydroid, which may reach 


length six eight inches, made many 
animals growing together, somewhat corals. 


Here, however, the animal, animals, are encased 
chitinous sheath, which may persist many 
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months after the death the organism, and which 
can removed only force. 

the hydroids, the Tubularia may play very 
important part corrosion, due their large size 
and the nature growth the individual colonies 
metal. The colonies attach themselves means 
firm, cup-shaped holdfasts, and the colony 
grows, extensive mats growth are formed. This 
mat serves trap catch other organisms and 
effectively blankets the surface, leaving that surface 
affected the changes the oxygen content 
and also the various products formed the re- 
sult the death the entangled 


Another Group Described 

The bryozoans, moss animals, form another 
group and are very abundant, although they are not 
nearly prevalent they were prehistoric times. 
Starting from single, small, free-swimming organ- 
ism,* they form colonies thousands relatively 
small individuals, each surrounded chitinous 
shell. Some these colonies are tree-like, arbor- 
escent form, while others form great lamellar pads 
which may six eight inches 
height, and inches diameter. The erect 
forms may influence corrosion the same way the 
hydroids, while the lamellar types, whose growth 
may over-run and cover other less prolific animals, 
even other bryozoans, even more prone cause 
such destruction. the organisms that are covered 
are shut off from food, water and oxygen, deteriora- 
tion sets in, the products which have definite 
corrosive action. 

Mollusks, such oysters, are like the foregoing 
groups their manner attachment, and may grow 
considerable size, specimens three inches wide 
five inches long having been taken from ship’s hull. 
These shells also remain attached after the death 
the organism, and states they may affect 
some metals and protective coatings. 

Another mollusk having similar affect 
“Anomia.” The mussels, which also belong this 
family, attach themselves byssal threads, which 
end cup-shaped holdfasts similar those the 
hydroids and although, when life has ceased, these 
threads decay and allow the shells drop off, the 
presence any large number them surface 
will produce deteriorating effect similar that 
the hydroids. 

segmented worm, one the serpulids, also oc- 
curs abundantly. forms long, calcareous, tubular 
shell, sometimes three inches length, and these 
tubes, any number, have very definite effect 
corrosion, acting the same manner the lamel- 
lar bryozoans. Most the other forms belonging 
this group and listed fouling organisms are only 
casual inhabitants the rich faunal and floral 
growths that are found any submerged structure. 

Tunicates sea squirts are found either singly 
colonies. The former are the most prevalent and 
frequently grow large size. The colonial form 
more encrustation and ordinarily does not attain 
any considerable growth. 

Among the plants, only one division needs 


considered here. This the alga, which next 
barnacles, one the most persistent and wide- 
spread forms fouling because, although 
growths generally are small, their tremendous num- 
ber frequently will form mats from seven ten 
inches depth, which extend from the surface 
the water much eight feet below. 


Factors Controlling Fouling 

Factors that control fouling are many and variable. 
The major ones, however, may listed with some 
precision. The season the year, the weather and 
the temperature the water constitute one group, 
while the condition the water the various har- 
bors, both salinity and pollution form another, 

Fouling organisms are almost exclusively those 
commonly found rocks and other submerged struc- 
tures near shore, especially those harbors, and 
fouling ships occurs almost entirely while port. 
Passenger vessels whose regular 
them remain port only brief periods are the 
least fouled, although most ships are moderately 
fouled within six eight months from date dry- 
docking. 

Time elapsed between docking periods great 
significance, but use made this time, whether 
cruising port, even greater importance, 
because while severity fouling rule pro- 
portionate the length time since previous dry- 
docking lighter proportion the time spent 
cruising. Incidentally, when drydocked, each vessel 
shows visible record its cruises since last docked, 
the organisms its hull. 

Fresh water kills most fouling organisms 
hours although the chitinous and calcareous growths 
remaining still will impede materially the progress 
the vessel not removed. Other limiting factors 
are the materials which ship’s bottom made, 
the type paints other materials used protect 
it, the color the underwater hull, the geographical 
location the harbors the intensity light 
harbors and harbor currents lack 

well may imagined, such fouling plays 
important role the economical operation marine 
equipment. Heavy fouling the type discussed may 
amount from 300 tons single ship, and 
result speed reduction percent and delay 
from percent the completion voyage. 
Decreased efficiency engines and machinery 
another factor, especially those vessels using large 
amounts salt water their operation. Intake pipes 
become clogged, decreasing water circulation, and 
presenting considerable problem maintenance. 
Propellers become foul, more power needed 
operate them, and even then they will not produce 
full rated efficiency. Add these increased resist- 
ances along the hull, and fuel consumption may 
stepped much percent. Moreover, least 
twice each year, vessel must drydocked, which 
results loss time and the expense cleaning 
and painting. The total bill, directly chargeable 
these organisms then becomes enormous, costing 
United States shipping industry alone over 
000 annually. 
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Seacoast Industries Affected 

this, within recent years, must added main- 
tenance costs seacoast industries which use sea 
water either coolant manufacturing proc- 
esses. Marine macroorganisms, both plant and ani- 
mal, have been continuing source difficulty 
power stations, oil refineries, and other users in- 
dustrial water. Although much has been writen con- 
cerning accumulation microorganisms the cap- 
sulated and slime-forming types 
little has been published the 
growth and control the macroorganism closed 
water circuits. 

One the more important, although perhaps the 
least obvious the difficulties resulting from foul- 
ing the larger aquatic organisms, the reduction 
the carrying capacity pipelines reduction 
the Hazen and Williams coefficient and also ac- 
tual reduction the pipeline diameter. addition 
some fresh-water grasses and mats fresh-water 
algae sunlit portions water conduits, the most 
common organisms responsible for this blocking 
fresh water lines are the bryozoa, notably Pectina- 
tella magnifica, and the sponges. salt-water 
brackish-water lines, the various hydroids and bry- 
well mollusca and tunicates, are responsi- 
ble for such reduction. 

Sponges, both calcareous and siliceous fiber 
types have been responsible for occasional fouling 
pipelines. one southwestern city the Hazen and 
Williams coefficient has dropped from 145 94.5 
60-inch iron pipeline due sponge accumula- 
tions. Occasionally large cast-iron pipelines have be- 
come almost completely blocked with various mol- 
lusca, notably Mytilus edulis and Pecten latiauratus 
salt-water circuits and various Dreisseniidae fresh- 
water circuits. much 266 tons shells have 
been removed yearly from the circulating tunnels 
one New England power station. Another station has 
accumulation dead shells feet feet deep 
tunnel with 11-foot cross section and 400 
feet long. Where salt water used fire service, 
these organisms not only have reduced carrying ca- 
pacity the lines, but shells loosened sudden rush 
water due fire demands have blocked valves, 
hydrants caused other irregularities, completely 
shutting off water with disastrous results. 

Similar difficulties have been encountered where 
salt water used for displacement gasoline 
fuel oil from underground storage. 

Seagoing vessels harbor waters temperate 
climate and most tropical waters have had fire and 
flushing lines clog with marine growths. 


Screens Blocked Shells 


Growths, particularly shelled organisms, con- 
tinue enlarge until their exposed area becomes 
great that they are torn from their moorings the 
Pipeline and are swept into screens, tube sheets 
one Gulf Coast refinery, bryozoa 
blocked the tube sheet divided water-box con- 
densers that the pressure from circulating water 
pumps burst through the dividing wall and forced 
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whole sections the refinery 

When the lines tunnels serving shell-and-tube 
surface condensers become fouled with these or- 
ganisms they break off die and the shells float 
with the circulating water. Many seaboard stations 
and some stations using river and lake water have 
had shut down turbogenerator units two three 
times day permit removal shells blanketing 
tube sheets. Some shells these cases are sure 
enter the tubes and cause high impingement veloci- 
ties with attendant erosion and reduction tube 

Macroorganisms, and microorganisms metal 
surfaces, cause differential cells and attendant cor- 
particularly steel materials. Attacks 
nonmetallic structural materials also 

The problem not new one, course. Ever 
since man first began down the sea ships 
has been faced with the necessity operating 
vessels maximum speed and efficiency. Moreover, 
the days wooden ships, had consider the 
rapid, physical destruction the bottom the so- 
called shipworms, addition the loss time and 
sailing qualities his ships. 

Atheneus, 200 B.C., reported the ships Archi- 
medes were fastened with copper and sheathed with 
lead, presumably resist the attacks the teredo, 
and minimize growth fouling organisms. ship 
the Roman emperor Trajan, raised from Lake Riccia 
after 1300 years submergence, was found have 
been coated with bitumen, over which plates lead 
had been fastened with copper nails. the reign 
Henry VIII, vessels were covered with coating 
loose animal hair, bedded pitch, and covered with 
sheathing boards keep place. Charles had 
the Phoenix and others His Majesty’s ships 
sheathed with lead and fastened with copper nails. 


Sheathing Baffled Teredos 

While the sheathing mentioned above was reason- 
ably satisfactory combatting attacks the teredo, 
there still remained the problem growths men- 
tioned the earlier portion this article. those 
days, now, was necessary clean ship inter- 
vals, although, with the advent copper sheathing 
which reached its apogee clipper ships the last 
century, the time between cleanings was lengthened 
somewhat. Originally, was the practice select 
favorable shore which the ship was carefully 
beached until the sand and broken shell contained 
the surf had opportunity scour the sides the 
vessel. Later was learned that the vessel was 
run into fresh water many marine organisms caus- 
ing the fouling would killed, and while this was 
often was employed stop-gap vessels 
long voyages practice still followed some ex- 
tent) until thorough cleaning could undertaken. 
third method used commonly the free-booters 
the Spanish Main and other navigators the 
period was careening. Beached high tide, the ves- 
sel was allowed heel over until one side could 
reached and thoroughly cleaned. The process then 
was reversed, the other side could scraped and 
painted and the vessel once more made ready for sea. 
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Today, course, drydocks are utilized, but the 
fact remains, really successful remedy for this 
problem has been found. 

Sea farers early recognized benefits that would 
accrue fouling could combated, but first, due 
the ravages the teredo, and the consequent dan- 
ger life and property, most their efforts were 
devoted the prevention its attacks. 

With the advent the metal hull, the full force 
research (if such can called) was truned the 
direction preventing formation growths. 
England prior 1865, more than 300 were 
issued for antifouling materials, while prior 1922, 
166 similar had been issued the United 
States. 

Among many materials for this purpose which 
patents have been obtained, Gardner mentions sili- 
cates, quicksilver, plumbago, gutta percha, asphalt, 
shellac, guano, cow-dung, and powerful compound 
consisting clay, fat, sawdust, hair, glue, oil, log- 
wood, soot, etc., mixed and plastered ship’s 
bottom. Emery, shellac and castor oil formed another 
combination and someone else thought that pitch, 
tar and shellac ought accomplish the purpose. 
litharge, arsenious acid, asphaltum, oxide 
calcium and creosote was another mixture, while 
still another was Burgundy red earth, grease, lime, 
unburnt earthenware, and chalk Roman cement. 
Next followed curious combination grease from 
boiled bones, kitchen stuff and butter without salt, 
mixed with poison. The chef d’oeuvre the whole 
follows: Sugar, muriate zinc and copper, and 
the sirup potatoes sugar, mixed with powdered 
marble quartz feldspar. One last recipe the author 
cannot resist. consisted asafoetida with pitch, 
tar resin and turpentine smeared over the bottom 
and then coated with paper cloth. 


Poisonous Paints Used Now 

Interesting these specifics may read about, 
none was especially efficient action, and the mod- 
ern trend has been towards the use poisonous 
paints, generally with zinc, iron, copper mercury 
base, combination all them, which will in- 
hibit, they will not entirely prevent, the attach- 
ment and growth the larvae the fouling organ- 
isms. gives long list these which 
were tried with varying results. However, until the 
start World War II, really satisfactory anti- 
fouling paint had been developed. 

War and the necessity keeping fleets sea 
long possible greatly stimulated research, and for 
the following information these experiments, the 
writer indebted Pomerat, the Univer- 
sity Texas Medical School Galveston, who par- 
ticipated many them. His comments follow: 

“At the outbreak World War was realized 
that even though research antifouling paints had 
gone since the time Henry VIII had 
achieved very The Navy, Bureau 
Ships, contracted with the Oceanographic Institute 
Woods Hole, Massachusetts, have work done 
cooperation with paint units the Norfolk and 
Mare Island Navy Yards. The solution was logical 


Figure 1—Method setting test panel. 


and came more easily than expected through the 
simple set-up known the ‘leaching rate’ test. 
panel, Figure was suspended aerated sea water 
and the amount copper which leached out could 
measured quantitatively. Obviously good paint 
must have certain good characteristics with regard 
leaching rate. the graph Figure paint 
with unduly high leaching rate wastes copper 
and soon exhausts has inadequate leach- 
ing rate and does not reach the MLD (minimum 
lethal ideal paint which maintains 
sufficient level copper the water for very long 
period time. From this one would build paint 
with the ideal characteristics. 


“Best were plastic paints with diatomaceous earth 
which acted wick bring sea water dis- 
solve copper. formula was developed. field test 
station where barnacles attacked the year ‘round 
was set Biscayne Bay near Miami, Fla., and 
from grew the University Miami Marine Lab- 
oratory. The paint developed the laboratory stood 
well under field conditions.” 

series issued since the war the 
Publication Board the Department Commerce 


Amount Copper Leached out. 


Time 
Figure leaching rates, Solid horizontal line minimum 
dose required kill young barnacles. 


scient 
was 


th 
cor 
oxide 
foulec 
Ear 
ments 
tyral 


The 
deterr 
surfac 
also 
certai 
millig 
hours 
grams 

worke 
coatin 
for 

The 

Inte 
their 
the 
namel 

adapte 
lions 
been 
alread 
constr 
bridge 

Des 
tinet 
which 


The 
Same 
inhabi 


Air 
be 
(1) 


the 
test. 
Water 
could 
paint 
regard 
aint 
copper 
nimum 
tains 
long 
paint 


earth 
dis- 
test 
a., and 
Lab- 
stood 


the 
nmerce 


minimum 


1949 


summarizes the findings Mr. Pomerat and other 
scientists carrying out these experiments. Briefly 


was found that: 

Corrosive action metallic copper paints 
explained electrochemical interaction resulting 
from the formation bimetallic galvanic couples 
which the steel anodic. 

Paints pigmented with metallic copper may lose 
their antifouling properties there direct contact 
between the paint and the steel between the paint 
and zinc. 

Cuprous oxide paints may lose their antifouling 
properties the immediate vicinity corroding iron. 

steel and copper alloys are contact under 
sea water, corrosion reduced both are painted, 
the copper painted and the steel left bare. 

Paint steel blisters exposed galvanic 
activity caused coupling with zine copper. 

steel construction, corrosive action reduced 
use barrier coats. 

Increased corrosion steel occurs breaks 
the paint coating. 


theoretical discussion given the mechanics 
corrosion, inactivation antifouling paints, effect 
corrosion the fouling resistance cuprous 
oxide paints, blistering paint films electrolytic 
reaction, and use paint protect galvanically 
fouled metals. 

Earlier research the problem, including experi- 
ments which indicated the value polyvinyl bu- 
tyral paint binder discussed. 

Leaching Rate Significant 

The value copper leaching rate analyses 
determining how antifouling paint provides 
surface sufficient toxicity prevent fouling 
also dealt with. concluded paints are almost 
certain foul the leaching rate less than four 
milligrams copper per 1000 square feet per 
hours. Paints with leaching rate 
grams higher not foul. 

method resistance measurements has been 
worked out permit evaluation underwater 
coatings shorter time than usually required 
for laboratory tests, according these reports. 

The materials tested were clear coatings poly- 
vinyl butyral, alky resin, phenolic resin varnish 
and few pigmented and inhibitive polyvinyl butyral 

Interesting external fouling organisms and 
their prevention may be, there second phase 
the problem touched only lightly till now, 
the depredations the ship worms and 
their allies. 

reality these properly are not worms all, 
but rather molluscs and crustaceans that have 
adapted themselves woody diet through mil- 
lions years evolution, and which long have 
been major prolem, not only shipbuilders, 
noticed, but engineers charged with 
and maintenance docks, wharves, 
bridges, lighthouses and similar marine structures. 

Destructive marine boring animals have two dis- 
methods attack, according the group 
which they belong. 

Borers Burrow and Grow 

The molluscan borers enter the timbers 
minute youngsters that burrow and grow the 
same time. The result the interior timber 
them may riddled thoroughly with 
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burrows without any external evidence except small 
and easily overlooked entrance holes show attack. 
the other hand the crustacea run shallow gal- 
leries just beneath the surface the structure and, 
because these animals occur tremendous num- 
bers, their work thoroughly destroys the outer sur- 
face the wood, opening new surfaces attack. 
This form damage generally less dangerous 
than that the boring molluscs because most 
cases damage can seen readily and evaluated. 

previously pointed out, boring animals are 
divided into two classes, crustaceans and molluscs, 
but these must subdivided again, first into those 
which attack wooden structures only and secondly, 
into those which attack stone and cement. 


Among the crustacea only one genus prefers the 
tougher diet, but several the molluscs are not 
averse hors d’oeuvre limestone cement 
and, least two three instances, have been 
causing considerable damage. 

“Limnoria limnorium” the most widely distributed 
among the crustacean wood eaters. small animal, 
inch length, Limnoria bears and extraordinary 
resemblance the wood louse, which closely 
related. Occurring numbers from 300 400 per 
square inch, this animal particularly dangerous 
its attack creosoted timbers, gaining entrance 
knot, abrasion other point thin treatment. 
Here works until reaches the untreated center 
the stick and its countless interlacing burrows, not 
more than 1/20 inch diameter, quickly 
destroy this part the wood, leaving the outer, 
treated portion the shell intact and unsafe. 

Distributed throughout the world, Limnoria are 
found American coasts from the Gulf St. 
Lawrence the Falkland Islands and from Alaska 
Cape Horn, tolerating wide differences habitat, 
salinity and pollution, and surviving salinities 
low parts per thousand, apparently 
they will not survive such water over ex- 
tended period. 

Other crustacean borers are Chelura terebrans, 
member the sand hopper family, and Sphaeroma 
destructor, which capable living fresh water. 


Figure 3—Drawing specialized shell valve teredo which used 
cutter head. 
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Fig. 
Fig. 
Fig. Fig. 


Identifying pallets boring organisms. Figures: 4—Teredo Navalis. 
Lyrodus 6—Bankia Gouldi. 7—Teredo Sigerfoosi. 


Among the mollusca the three most important genera 
are Teredo, Bankia and all bivalves distantly 
related the clam. The method attack and gen- 
eral appearance the first two genera are similar. 
The two valves the shell function highly 
specialized boring mechanism (Figure 3). The long 
slimy body fills the burrow, which lined with 
calcareous coating, and both forms are equipped 
with very long siphons through which obtain the 
water circulation necessary for them live. Martesia 
more nearly resembles clam structure. The boring 
done with the shells, the case Bankia and 
Teredo, but the body the animal enclosed wholly 
within the shell instead being drawn out into 
elongated worm-like form the other two genera. 
However, borings made Martesia generally are not 
over inches length, nor over one inch diameter, 
while those some species Bankia are reported 
reach length between three and four feet and 
diameter only slightly less than one inch. The 
two first forms possess the faculty closing the 
external opening their burrows with hard cal- 
careous plugs pallets whenever their siphons 
are not protruded, thus protecting the animals 
from the entrance water unsatisfactory quality 
from attacks enemies. This simple diag- 
nostic characteristic for the various species, 
shown Figures through 

The Teredos and Bankias are the most widely dis- 
tributed, occuring one form another throughout 
most the world. Martesia, though distributed almost 
widely the others, apparently not nearly 

History the ravages marine borers has been 
one more less periodically recurring destruc- 


tion, separated varying intervals comparative 
freedom from attack. Just weather conditions 
may produce bumper crops grain from time 
time, conditions the sea culminate 
tain years especially favorable the growth and 
multiplication these marine organisms. 

The Greeks knew them, for 2300 years ago Theo- 
phrastus pessimistically observed, “On the land the 
worms destroy the wood, the sea the 
Pliny, the Roman, also mentions them his natural 
history but from that time until about the 16th 
century shipworms appear have been small 
importance Europe. Following the discovery 
America, however, was reported something new 
and unusual that the West Indies ships were dam- 
aged seriously borer which occurred those 
islands. When little later similiar borers were 
observed the European coast, earlier accounts 
the Greek and Latin writers were overlooked, and 
generally was agreed these 
brought from foreign lands. 

Recurrence Periodic 

However, more probable that they had been 
there all the time comparatively quiescent state, 
until one their periodic recurrences brought them 
forcibly the attention the Dutch, and later 
all Europe. 

About 1560 the indefatigable Hollanders com- 
menced erect huge earth and pile dykes, order 
reclaim more land from the sea. Evidently these 
dykes were just what the shipworms had ordered, 
for within few years was noted the piles were 
being damaged and 1700 inroads the borers 
were serious the country was threatened with 
inundation. The forced interest which the Dutch 
took these worms this time occasioned the first 
serious investigation their habits and life history 
and the work 1733 one the 
classics the literature the subject. 

The natural history the various species borer 
far from being matter merely theoretical 
academic interest. cannot too strongly empha- 
sized that any method combatting the ravages 
these organisms must depend for its success 
recognition the biological factors involved. 

From the point view the engineer the 
highest importance know the various species 
borer with which has deal, and regarding each. 
its breeding season, larval habits, distribution, method 
attack, the rapidity with which destroys piling, 
and the various ecological factors which may alter 
any these. the light such knowledge 
position take advantage the borers, 
speak, and consistently forestall them his 
neering practice. 

imperative that the engineer familiarize him- 
self with conditions his own locality and know 
advance what problems may have meet.” 

Considerable experimentation this problem has 
been carried along the Gulf Coast. 1922 the 
National Research Council, part.of nationwide 
program, installed test panels from Key West 
Port Isabel. the same time, existing 
also were examined for evidence borer damage. 
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Figure 8—(Left): Martesia, the boring clam. 
Figure 9—(Right): typical teredo. 


The record properly constructed wrought and 
cast iron structures was good. Concrete apparently 
was fairly successful, but the time the survey was 
made, none had been use long enough permit 
prediction their useful life. Timber structures 
the same area varied widely resistance. Tests 
determine the efficacy copper bands wire 
protection were negative. Protection cast 
iron pipe has been fairly satisfactory. 


Creosote Recommended 


The council concluded that under most conditions 
creosote piling treated refusal was the most sat- 
material utilize marine structures, 
although such piles remained more less subject 
attack Limnoria. However, the report adds, there 
are examples short life which are far from reas- 
suring, and which perhaps can explained only 
the result imperfect treatment important 
variations the chemical composition 
oil 

Laboratory experiments have shown 
the toxicity creosote fractions marine borers 
decreases their boiling point increases and 
probable the relative solubility the toxic sub- 
Stances water and the oils which carry them 
important factor. Although the high boiling 
creosotes are less toxic than the low boiling creo- 
they apparently still contain sufficient low 
boiling constituents inhibit borer attack and their 
greater permanence enables them retain their 
effectiveness for longer period. second consid- 
ration the probability that the higher boiling oils 
carry certain constituents which, while they may 
not toxic particularly, may 
the 

Further experimentation the matter, carried 
Gulfport, Mississippi, and Pensacola, Florida, 


— 
* Editor's Note: It is possible the benefit is physical impact and 
that heavy oils act as greater physical barriers. 
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showed when preservatives had 
offered distinct resistance borer. attack, their 
effectiveness became more pronounced the absorp- 
tion was increased. This probably because heavy 
absorptions furnish reserve supply preservative 
that longer time required for the treat- 
ment lose its effectiveness leaching. Deeper 
penetration and more uniform distribution pre- 
servative also are obtained with heavy absorptions. 


These piling experiments show that oils with 


high proportions light distillates tar acids are 
very definitely less effective than the oils with higher 
boiling constituents.* the other hand, Shackell’s 
showed light oils and the tar acids general 
were highly toxic marine borers. This apparent 
contradiction probably results from the lower per- 
manence the light oils and tar acids contact 
with water. They apparently are more easily leached 
washed out the wood than heavier oils. 


Results obtained with creosote mixtures contain- 


ing high percentages naphthalene indicate resist- 
ance borer attack decreased with increase the 
proportion naphthalene. This sems substanti- 
ate results laboratory experiments Shackell 
which found crystalline hydrocarbons like naph- 
thalene and anthracene were low toxicity 
marine borers. 


particular benefit appeared gained 


fortifying creosote with chemicals such copper 
salts, organic inorganic arsenic compounds, car- 
bazole, dinitronaphthalene, dinitrochlorobenzene, and 
ferric 
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Corrosion, Passivity and Passivation 


From the Thermodynamic Point View 


POURBAIX* 


Corrosion, Passivity and Passivation 

WELL KNOWN that when metal 
with aqueous solution, its surface state 
varies strongly according the circumstances exist- 
ing. This surface, which sometimes remains actually 
metallic, often becomes covered with deposit 
film oxide salt, the formation which can pro- 
tect the metal against 

With regard iron, for example, established 
that protection manifested certain cases results 
from the presence film containing ferric oxide 
this film can consist pure Fe,O, 
mixture F,O, and something else. For example, 
the course its anodic passivation dilute sulfuric 

cid, iron becomes covered, has shown, 
with containing excess oxygen. many 
hard and aerated waters, like those the majority 
city water supplies, iron forms protective coating 
consisting mixture Fe,O, and CaCO, (cal- 
cium passivation waters with chro- 
mate additions results the formation film con- 
sisting mixture Fe,O, and (chromic 
nitric acid also due the formation film con- 
taining the anodic passivation iron 
concentrated, hot caustic soda solutions prob- 
ably film magnetite which results 
the protection the metal. 

Nevertheless, not necessary for metal 
have protective film order escape corrosion 
solution. Noble metals such platinum, gold, sil- 
ver and copper not corrode all while presenting 
actually metallic, During their cathodic de- 
position electrolysis these metals almost always 
present such surface without the occurrence 

According the state the metal surface, two 
groups cases where corrosion occurs can 
distinguished. Chaudron has proposed that there 
passivation when the metal covered with 
tective film and that there passivity when the sur- 


lace remains actually metallic. 


Thermodynamics 
Phenomena linked questions corrosion gener- 
ally are very complicated, but, nevertheless, they 


* Journees de Etats de Surface (Paris, Oetober 1945) Ed. Off. 
prof. Transformation des Metaux, Paris, 1946, 251-265. Translated 
from the French by Lorraine R. Voigt. The. International Nickel 


Co., New York, 
*University of Brussels, Brussels, Belgium. 


not escape the dictatorial laws energy. metal 
cannot corrode unless unstable with relation 
its corrosion products. oxide other com- 
pound cannot form protective film metal un- 
less stable the same time with relation the 
metal and with relation constituents the solution. 

follows that knowledge the circumstances 
energetic equilibrium between metal and the dif- 
ferent compositions which this metal can give rise 
corrosion passivation can useful the study 
the mechanism corrosion and passivation, 
does knowledge the surface states manifested dur- 
ing these phenomena. fact, knowledge the cir- 
cumstances equilibrium permits predetermination 
the conditions under which these different compo- 
sitions are stable relation others. 

Thermodynamics easily permit predetermining the 
circumstances equilibrium all chemical elec- 
trochemical reactions, the values free energies 
(or the chemical potentials the different 
compositions participating this reaction are known. 
Conditions which the formation one the other 
these compositions possible can thereby de- 
fined, 

For the thermodynamic study the phenomena 
metal aqueous solutions convenient rep- 
resent these circumstances equilibrium dia- 
gram where the abscissa represents the the 
solution and the ordinate the potential equilibrium 
each the reactions considered, these potentials 
being measured with relation the same reference 
electrode for example, the standard hydrogen electrode. 
Thus there obtained for each metal picture spe- 
cific for this metal. Figures and are such curves 
for iron and copper, respectively, temperature 
25° Figure constitutes, first approximation, 
curve relative the very complex case chromium. 

The method establishing these figures well 
their interpretation and their use for the study 
experimental problems described 
The method establishing Figure follows: 

Equilibrium between metallic iron (Fe) and the 
ferrous ions solution, according the reac- 
tion (—) depends only the concen- 
tration (or, more exactly, the activity these 
ions and the electric potential iron. 

Thus, definite content ferrous ions corresponds 
determined value potential; that is, short, 
the well-known law Nernst expressed the rela- 
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122 


Figure diagram the system the case 


tion volt 0.0295 log (for equi- 
librium 


For determined content ferrous ions, this con- 
dition equilibrium expressed, Figure 3a, 
horizontal straight line. 


the potential raised, the ferrous ions oxi- 
dize ferric ions and, for potential value 
equal +0.746 volt, the solution will contain 
many ferric ions ferrous ions, virtue the law 
potential oxidation and reduction expressed 


the relation volt 0.0591 log 
(for the equlibrium 


The circumstances under which the solution will 
contain many ferric ions ferrous ions are repre- 
sented Figure straight, horizontal line. 

the raised make the medium just 
alkaline, the ferrous ions will separate from the solu- 
tion giving rise white deposit ferrous hydroxide, 
the ferric ions will separate first, even 
acid media, forming brown ferric hydroxide, 
Fe(OH), (or Fe,O, more less hydrated). This re- 
sults from the law solubility product, expressed 
the relations: 

Log (Fe**) 13.37 (for equilibrium 


Log (Fe***) 0.04 (for equilibrium 
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which are relative the products solubility 
1014-65 and 10-42-99 
Circumstances under which the solutions contain 
determined quantities ferrous ferric ions are 
represented Figure the vertical straight lines; 
Ferrous hydroxide not stable with relation 
metallic iron ferric hydroxide except between two 
determined limits which are defined, respectively, 
the relations 
and 


which are shown Figure two oblique straight 
lines; 


Equilibrium between the ferrous ions and 
hydroxide shown the length line which 


joins the lines already drawn for the equilibria 
Fe(OH), and Ferrous hydroxide can 
reduction, form metallic iron, 


The equilibria relative these different 
mations are expressed, respectively, the three 
lations: 


equal, respectively, 
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Figure 2—Equilibrium Total Diagram. 
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Figure 3—Establishment the equilibrium diagram 


0.496 0.0886 0.0295 log (for equilib- 
rium 


which are shown Figure the oblique straight 
lines for determined value the content 
ions ions; 

the other hand, magnetite stable 
region which entirely covers the region stability 
previously determined for ferrous hydroxide. Limits 
the region stability the magnetite are defined 
the four following relations: 

[for 
which permit drawing Figure 3f. 

Figure valid for determined content dis- 
solved iron; for each content iron there corre- 
sponding definite curve; curves corresponding 
different iron contents are drawn the same figure, 
the general Figure obtained. 

What does this figure signify? 

indicates that, the shaded area, iron can exist 
solution and concentration increasing the 
edges these regions are extended. well known, 


the green ferrous ion stable media which are 
reducing and definitely acid neutral; the yellow- 
brown ferric ion stable media sufficiently 
ing and acid; the green hypoferrite ion stable 
reducing and very alkaline media. the uncolored 
regions, iron and its oxides are practically insoluble: 
the lower zone metallic iron stable; above 
Fe(OH), (or more less hydrated) which 
stable; the little central region Fe(OH), can form 
which unstable with relation magnetite and 
tends become transformed this composition, 

For example, according Figure for equal 
and the case where the iron surface actually 
metallic, the equilibrium content dissolved iron 
would 0.056 per liter the potential the 
metal equal —0.62 volt (in relation standard 
hydrogen electrode and for temperature 
This content would equal 0.56, 560 56,000 
mg. per liter* the potential rose, respectively 
—0.56, —0.50 —0.44 volt, for example anodic 
polarization. new rise potential will again in- 
crease the dissolved iron content until, starting from 
the points contact with the lines, not entirely desig- 
nated the figure, which correspond equilibria 
and Fe/Fe(OH), [at about —0.3 volt] there 
would the possibility that the iron would become 
covered with Fe,O, Fe(OH),; then reduction 
the dissolved iron content could produced with 
formulation such oxides; hypothesis where fer- 
ric hydroxide forms where the the solubility product 
would be, respectively, 56,000, 560, 5.60 and 0.056 mg. 
per liter for potentials +0.16, and 
+0.40 volt, respectively. 


Corrosion, Passivity and Passivation from the 
Thermodynamic Point View 


That being so, admitted solution corrosive 
not according whether the quantity iron 
tends dissolve more less than atom grams 
per liter (there being 0.056 mg. iron per liter), 
follows also that the relative curve this content 
separates the region where corrosion possible from 
region where corrosion impossible. Figure thus 
has two regions where there corrosion, and one 
where there none. 

Figure which represents these regions, thus gives 
synthetic picture the conditions under which iron 
corrodes, and those which does not corrode. 
areas where there corrosion region can dis- 
tinguished according the proposition Chaudron,’ 
where the iron lies superficially the exposed state, 
actually metallic, and where there passivity, and 
another region where iron covered with 
tive oxide coating, and where there passivation. 

reiterated that this definition region 
vation based the hypothesis the metal covered 
with film Fe(OH), (or where the 
bility product equal and relative the 
case where the solution contact with this film 


*It is assumed here, for the sake of simplicity, that the solution 
is perfect; in reality it is the activity in dissolved iron and not the 
concentration, which would present the values indicated. 
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Figure 4—Regions corrosion, passivity and passivation iron. 


tains less than 0.056 mg. iron per liter. Essentially 
this definition arbitrary and should not followed 
too closely. fact, the nature the film passiva- 
tion not known with such precision, and probably 
varies according conditions the experiment. 
the other hand, this film sometimes can form for dis- 
solved iron contents greater than those considered 
here, notably anodic passivation, This film can 
appear soon the potential the metal greater 
than the equilibrium potential fact, 
the metallic iron then unstable with relation 
Fe(OH), and tends become covered with this com- 
position. Then the straight line: 


and longer the straight line, 

for 

Fe** content equal ion/gram 
per liter), 

which constitutes the lower limit the left part 


the region passivation which thus increased. 

necessary also recall* that passivation only 
implies absence corrosion the oxide which covers 
the metal consists adherent and non-porous 
layer; further, the representation given Figure 
for the regions corrosion, passivity and passivation 
iron only valid the case where iron cannot 
exist solution except the form 
the solution contains compounds liable 
form soluble complexes with these ions (for example, 
chlorides, cyanides tartrates), the extent these 
regions corrosion increased proportions which 
considerable. Inversely, the solution con- 
tains compounds liable form solid deposits adher- 
ent the metal, the extent this region can re- 
duced. 


* Apropos of Figures 1 and 4, it is pointed out that Lochte and PaulS 
published a figure, to which figure 1 is similar, representing, in function 
with pH, the potentials of different half cells which could intervene on 
the corrosion of iron. 

For the other part, Guzzoni® has already, in the study of a corrosion 
of iron in the soil, expressed the opinion that iron is protected against 
corrosion in media of pH greater than 25 to 30; this amounts to assign- 
ing as lower limit of the region of passivation representing in Figure 4 
a line next to two straight lines whose equations are, respectively, 
E=0.74 0.0591 and 0.88 volt 0.0591 pH. 
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Figure 5—Regions corrosion, passivity and passivation copper. 


now can seen how Figure can decuced 
from Figure representing the regions corrosion, 
passivity and passivation iron. the same rea- 
soning Figure can deduced from Figure repre- 
senting regions corrosion, passivity and passiva- 
tion copper. 

the other hand, water stable only under 
pressure one atmosphere which the region situ- 
ated, Figures and between straight line 
and straight line Beneath the 
straight line water could decompose releas- 
ing gaseous hydrogen and bringing about alkaliniza- 
tion the solution. Above the straight line 
could decompose with release gaseous oxygen 
and acidification. Corrosion not indicated visible 
release hydrogen, well known that the 
potential the metal less than that indicated 
the line between the lines and 
corrosion and passivation are realized with- 
out release hydrogen oxygen, and thus cannot 
produced without the action oxidizing agent. 
Above line corrosion and passivation can 
accompanied decomposition water with oxygen 
release. 

Experimental Proofs 

order verify the above facts, experimental 
research was conducted, and the findings are de- 
scribed detail another summary 
this research, which relative the behavior 
iron the five cases, follows: 

Behavior Iron Used Electrolytic Anode 

With aid apparatus shown Figure experi- 
ments were conducted the anodic polarization 
iron, having principal aim the influence 
the passivation potential this metal and 
comparing the results thus obtained with those foreseen 
the theoretical Figure 

Before the the fraction the solution next 
the anode and the potential this anode could 
determined with sufficient precision, the solution 
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oxygen 
and 


water 


and. 


Figure 6—Stability and decomposition water. 


was thoroughly agitated. Solutions buffered from the 
point view were used. The solution was 
brought the reference electrode used for measuring 
the anodic potential means capillary siphon 
the Haber-Luggin whose end was applied 
the anode surface. 

After having determined the the solution 
with the hydrogen electrode the potential one 
the two iron specimens supported the glass 
tubes was While the solution was agi- 
tated electric current increas- 
ing intensity was passed between 
the two specimens and, for each 
value the intensity this cur- 
rent the potential the anode was 
measured with relation the ref- 
erence electrode adjoining it. These 
potential values were plotted 
graphically function the 
logarithm the current density 
and, thus, curve anodic polar- 
ization was obtained. 

This curve presents the form in- 
Muller® seemed have observed 
first the case metals which 
can passivated. low poten- 
tials the current and potential 
values are stable, and there cor- 
rosion the metal. Under these 
this stability disappears more 
less rapidly: The potential in- 
creases, the current diminishes and 
the metal becomes passive 
covered with more less visible 
film. The potential increases until 
elevated values are reached 
which the current and the potential 
are again stable. The metal thus 
presents two curves stable 


anodic passivation, the first, realized low poten- 
tials critical potential determined well enough 
(which call the potential passivation) corre- 
sponds corrosion the metal, the second, realized 
elevated potentials, corresponds essentially 
release oxygen the passivated metal. 

Such determinations were carried out for solutions 
presenting range varying from 1.3 145 
and prepared follows: 

For 1.3 solutions prepared additions 
small quantities NaOH solution solution 

solution. 

For 11: solutions prepared mixing solu- 
tions NaHCO; and 0.1M with even- 
tual additions small quantities 2.5M 

For 14.5: NaOH solutions different 
concentrations. 

Table indicates for different values the values 
passivation potential well the current 
log These results are the basis for Figures and 10. 

Experience shows that for each solution values 
potential passivation and the current density are 
proportionately weaker agitation less lively. 
This influence agitation particularly important 
the case very acid solutions which passiva- 
tion cannot take place agitation too strong, For 
passivation occur necessary that the fraction 
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Apparatus 


Figure 7—Apparatus for the determination curves polarization and potentials passivation. 
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solution 
with the anode have 
very high iron content, 
which, under experimen- 
tal conditions main- 
tained, was impossible 
unless the phenomena 
diffusion were not 
too active. the case 
and especially for 
about 12.5, the density 
the passivation cur- 
rent depended strongly 
the quantity oxy- 
for such solutions, 
oxygen itself exerted 
strong passivating ac- 
tion and can, well 
known, render the iron 
passive without impo- 
sition anodic polarization current. The values 
listed the table are, for these values, relative 
solutions degassed vacuum. 

Results indicated this table seldom are repro- 
ducible therefore, particularly those concerning the 
current density passivation (see Figure 10) which 
diminish agitation slow and the content dis- 
solved oxygen raised. Nevertheless, regarding the 
passivation potential, Figure shows that reproduci- 
bility sufficient enough that general law can 


Figure 8—Curve anodic polariza- 
tion iron, 


TABLE 


SULFURIC SOLUTIONS 


E i log i 
+0.270 2.05 
+0.490 362 | 2.56 
+0.460 310 2.49 
+0.370 296 2.47 
+0.460 2.30 
+0.265 314 | 2.50 
ACETIC SOLUTIONS 
CARBONIC SOLUTIONS 
pH E i log i 
—0.184 8.6 0.93 
CAUSTIC SOLUTIONS 
pH E i log i 
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Figure 9—Influence the potential anodic passivation iron. 


Figure 10—Influence the current density anodic passivation 
iron. 
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evolved. This figure shows that for below 
the potentials passivation are essentially the 
same straight line whether the solution sulfuric, 
acetic carbonic. follows that the composition 
the film passivation actually the same for the 
various solutions and that the composition not the 
ferrous sulfate which has attributed 
passivation iron sulfuric solution containing iron 
sulfate, but concerned more with one the oxides 
whose presence Evans, Chaudron and their collabora- 
tors showed the films passivation. 


The nature the oxide whose appearance provokes 
passivation has not been determined exactly. Never- 
theless, the two following remarks, based respectively 
experimental observation and theoretical 
reasoning, lead the inference that oxide the 
type involved, whose presence the film 
passivation which forms anodic polarization 
iron dilute sulfuric acid solutions Evans brought 
light. 


that anodic polarization iron, modifications 
the appearance the surface the metals, can 
produced. This author described follows the be- 
havior iron electrode, used vertically 
anode normal solution unagitated sodium sul- 
fate, and presenting surface area about 

“One slowly increases the intensity the current 
200 mA; when this intensity obtained one 
ceases increase it. The electrode, which starts 
dissolve, becomes dark color because the particles 
carbon which separate out not into solution 
and remain fixed the surface. After little while 
one sees the needle the ammeter coming back, 
first slowly, then extremely rapid and becoming sta- 
bilized another position (around 150 mA). During 
this recoil, calculatfon the electrode realized; 
release oxygen starts produced and, simul- 
taneously, one sees thick scum descend from the elec- 
trode, scum which results from the solution, acceler- 
ated the agitating action the oxygen bubbles, 
from the ferrous sulfate layer formed previously. 
After little while, the passive electrode, which 
oxygen released, has become uniform, clear, me- 
tallic grey.” 

During the tests carried out these investigations 
was noticed that the blackening the electrode, 
about which Muller spoke, was produced 
very intense manner even for electrolytic iron and 
very adherent coating was formed. This blackening 
did not seem result from presence carbon, since 
electrolytic iron contains only very small quantities 
it, but formation composition such mag- 
netite. the case sufficiently acid solutions (for 
example those near 1.7) the following stages 


anode behavior were observed very closely: 


the start the polarization the anode, originally 
clear metallic grey appearance, dissolved and be- 
came progressively darker, pointed out Muller, 
and finally became covered with dull layer in- 
tense black (Fe,O,). the precise moment when the 
rise potential began manifested, brown film 
(Fe,O,?) appeared locally, which, after progressively 
replacing the black layer, itself rapidly disappeared 
with the rise potential replaced the clear, 
metallic, grey surface described Muller, released 
oxygen appeared. According position the anode 
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the brown film appears the edge the iron speci- 
mens and spreads across the surface the form 
crosses (outline “a” Figure 11), appears the 
central region the specimen from which spreads 


over the surface the form rings (outline 
The area where the film change begins appears 
that where the current density strongest. 

The brownish film which 
anodic passivation and which disappears along with 
the rise potential can rendered stable if, during 
its evolution, the resistance the circuit increased 
sufficiently prevent further rise potential. 
appears this film (of stable the anodic 
potential between certain lower values 
dissolves, forming ferrous ions. higher values 
disappears, resulting surface which oxygen 
released without corrosion. The superficial constitu- 
tion the metal under these circumstances not 
precisely known. The metal probably covered ther 
with very thin superior oxide film. Perhaps, alsc, 
the metal then presents, according the conception 
electronic structure different from 
that normal iron, and characterized greater 
number electrons the third orbit. notewor- 
thy also that the brownish film, about which there 
some question, also can rendered stable, if, during 
its evolution, the anode taken from the electrolytic 
bath and, after being washed rapidly running water, 
dried alcohol and ether. Anodes presenting the 
different appearances shown designs and 
can preserved thus for some time. 


follows that the two stages manifested during 
the anodic polarization iron (corrosion under 
black layer and release oxygen clear, grey 
surface) are separated from each other short 
period passivation resulting from the transitory 
formation brown film, probably composed 
the formation this film which provokes 
the jump potential linked the passivation and 
not until after this jump has brought the potential 
high values that oxygen release and clarification 
the surface observed Muller are mant- 
fested. 

the other hand, thermodynamic considerations 
lead the following conclusion which concerns the 
conditions and potential which iron can 
film can form only the Fe,O, stable the time 
with relation the metallic iron and the ferrous 10ns 
solution. order realize these conditions 
necessary that the potential the metal superior 
the time the equilibrium potential and 
the equilibrium potential These 
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tials are represented Figure respectively, the 
straight line whose equation is: 
and the family straight lines whose equation is: 

Examination the experimental results repre- 
sented Figure these two conditions effec- 
tively are 

Limits the region passivation iron, deter- 
mined experimentally anodic polarization, thus 
conform closely those which are the basis for the 
theoretical Figure 


Behavior Iron Used Electrolytic Cathode. 


According Figure there either corrosion 
passivity iron acid media according whether 
the potential the metal greater less than about 
volt; order verify this, several orientation 
experiments consisting electrolysis sulfuric 
acid were carried out using platinum anode and 
iron cathode, the latter being composed small 
pieces piano wire (0.52 diameter and 
length immersed, which corresponds total 
cathodic surface 3.10 


For each electrolysis test current density was kept 
constant and the value the cathode potential was 
noted regularly. After six hours the test was stopped, 
the loss weight the cathode was determined and 
was deduced. These determinations were repeated 
for different current density values. Table gives 
the values potential current density and the 
corrosion rate observed normal sulfuric acid 
solution (pH Appearance the metal also 
was noted. 


These results show that when the potential be- 
comes less than about —0.6 volt iron ceases corrode. 


Behavior Electrically Isolated Iron 
Solutions Free Oxidizing Agents. 


Experiments described below had aim the 
controlling the principle: body whose surface 
conducting not equilibrium with solution, 
reacts with becoming oxidized reduced, its 
potential has value intermediate between the value 
has were equilibrium with oxidizing sys- 
tem and that would have reducing 


being conceded that electrochemical reaction 
accomplished oxidation reduction according 
whether the reaction potential greater smaller 
than the equilibrium potential this the 
Principle above stated precisely follows: 


TABLE Il 
Potential Corrosion Rate 
(volt) mA/cm? Fe/cm Appearance 
ee 0.00 5.0 dull black 

—0.20 to —0.34.. 1.13 4.0 
0.30 to—0.40. 1.13 0.11 brilliant gray 
0.32 to —0.34. 1.6 0.15 
0.40 to—0.45. 3.2 0.086 

to 6.4 0.043 

—0.57 to 12.8 0.000 
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tube support for electrode of platinized plate. 


| 


outlet 


Ager siphon ager 
saturated solution of KCL 
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Figure 12—Apparatus. 


Figure 13—Influence the potential iron. 


The potential surface which oxidation 
reduction reaction occurs greater than the potential 
equilibrium the system oxidizing and less 
than the equilibrium potential the system 
reducing. 
the case iron corroding hydrochloric acid 


solution, with release hydrogen, the surface the 
metal the seat the two following electrochemical 


reactions: 

one hand oxidation the metal according to: 

the other hand reduction the ions according to: 


Together: 
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The potential the metal corrosion should 
constantly greater than the equilibrium potential 
the system [that say the potential 
solution iron expressed the relations 
volt 0.0295 log and constantly less than 
the equilibrium potential the systemH*/H (that 
say the potential the reversible hydrogen 
electrode) which, for hydrogen pressure one 
atmosphere, expressed 25°C. the relation 
pH. 


The experimental apparatus shown Figure 
consists glass container holding the corroding 
solution and closed rubber stopper supporting 
the iron specimens (used the form piano wire), 
hydrogen electrode platinized platinum, hydro- 
gen exit tube and agar-agar siphon connected 
collecting tube bearing various tubulures. Into one 
these tubulures the siphon calomel electrode 
used reference electrode for measuring the poten- 
tials the hydrogen electrode and the iron speci- 
mens inserted. The other tubulures unite the col- 
lecting tube with other vessels similar those 
Figure 12, and thus permit conducting simultane- 
ously several experiments using only one calomel 
electrode. The vessels and calomel electrode are 
placed chamber whose temperature maintained 
exactly 25.0° 

After having put the solution into the container, 
hydrogen passed the platinized platinum elec- 
trode and the potential this electrode measured. 
Then the the solution deduced. Without in- 
terrupting the stream hydrogen, the iron specimens 
are inserted and the potential measured, The meas- 
urements and iron potential are continued 
until constant values are obtained, which actually 
corresponds cessation corrosion, Results ob- 
tained are represented Figure 13, where the con- 
tinuous lines numbered and represent the 
solution, the case four pure aqueous hydro- 
chloric acid solutions different concentrations 


According the thermodynamic 
plained above, each these lines should lie between, 
one hand the straight line (relative the 
equilibrium H*/H,), the other hand the line which 
represents the variation equilibrium potential 
the course the experiment relative it. 

Now, the potential corresponding this equilib- 
log where the instantaneous concen- 
tration ferrous ions. can shown easily that 
for initial the solution represented 
the values this concentration are linked the in- 
stantaneous pH, pH,, the relation: 


(10-14 19 >. 


Values these potentials are expressed the 


broken lines Figure bearing the numbers 
and these lines represent the variation poten- 


the solution, the case the four hydrochloric acid 
solutions considered above, with initial pH, respec- 

Thermodynamics require that each the solid 
lines numbered and (relative the potential 
iron) constantly situateg between line 
relative equilibrium H*/H) and that the broken 
lines with the same numbers (relative equilibrium 
Figure shows that this occurs. 


Behavior Electrically Isolated Iron 
Oxygen-Saturated Solutions. 


well known that the presence oxidizing 
agent aqueous solution can, some cases, 
provoke increase (or activation) the corro- 
sion iron cause contrary reaction entraining 
passivation, equally well known that the action 
oxidizing agent causes increase the poten- 
tial the metal. 


the case where theoretical Figure valid, 
would expected that oxidizing agent would 
activating passivating according whether the 
value which its presence the solution would 
bring the potential iron would situated one 
the regions corrosion the region passiva- 
tion shown Figure 

verify these facts the following experiments 
were made using the apparatus shown Figure 12. 
Different solutions buffered from the point view 
were saturated with oxygen under pressure 
one While maintaining bubbling 
oxygen these solutions, the specimens iron wire 
(Merck piano wire) were immersed. After several 
hours the potential the metal was measured, was 
noted whether was corroded not and the initial 
and final the solution were noted. 


These experiments were made, partly with solu- 
tions not causing the formation insoluble ferric 
salts, and partly with solutions giving rise forma- 
tion insoluble ferric phosphate. These solutions 


were prepared follows: 
For the first group solutions: 
For 3.5 1.4: 0.1 solutions acetic acid and sodium 


acetate. 


and sodium carbonate. 


For 12.7 13.7: solutions caustic soda different con- 
centrations. 
For the second group solutions: 


For 1.8 4.0: 0.1 solutions phosphoric acid and 
monosodium phosphate. 


For 4.0 8.7: 0.1 solutions disodium and mono- 
sodium phosphates. 

Results these experiments are given Figures 
14a and 14b, where the black points represent the 
cases where corrosion occurred, and the round points 
those where there was corrosion. Figure 
the three descending arrows indicate that, after 
period passivation high potential, corrosion 
produced accompanied drop potential (which 
indicated that the action the oxygen present the 
solution was insufficient prevent dissolution 
the film “air oxide” pre-existent the piano wire.) 
Figure 14b the rising arrows indicate that, after 
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period corrosion low potential, there produced 
passivation accompanied rise potential (which 
indicates that, the presence dissolved oxygen, 
the phosphate deposit contributed the formation 
protective coating). 


Examination Figures 14a and 14b shows that 
the line which, according the above experiments, 
separates the region corrosion from the region 
passivation the presence oxygen very close 
the two lines relative respectively the appear- 
ance anodic passivation (Figure and equi- 
librium solutions containing ion/ 
gram per liter (recalling that this last line was 
admitted arbitrarily frontier these regions for 
the drawing Figure 4). 

The ideas regions corrosion and regions 
passivation are thus effectively applicable the case 
the solutions examined here. 


Behavior Electrically Isolated Iron 
Solutions Containing Chromate. 


represented Figure the regions corro- 
sion, passivity and passivation are not valid ex- 
cept the case solutions which not contain 
compositions liable form soluble complexes with 
the ions nor compositions lia- 
ble form solid compounds adherent the metal 
and able constitute protective films. the first 
case, the extent the regions corrosion can in- 
creased; the second case this extent can dimin- 


The works Hoar and Evans? have shown that 
the passivating action chromates results the 
and resulting from the reduction chromate 
metallic Thus probable that the circum- 
stances under which passivation chromates occurs 
are those for which there simultaneous stability 
Cr,O, and instability metallic iron. apprecia- 
tion these circumstances can obtained easily 
simple superposition Figure which constitutes 
the equilibrium diagram the system and 
the corresponding figure which would relative 
the system Cr—H,O; but this system 
extremely complex and the exact determination 
the conditions equilibrium most difficult. If, 
first approximation, admitted these circum- 
equilibrium are given Figure Figure 
easily obtained simple superposition 
Figure and Figure The latter represents theo- 
the regions corrosion, passivity and 
passivation iron for the particular case solutions 
containing 155 potassium chromate per liter. 
Figure compared Figure relative solu- 
tions free chromate, seen the region passiva- 
tion was considerably enlarged and the dangerous 
triangle which corrosion iron caused neu- 
tral slightly acid conditions has disappeared, 


determine what extent the actual circum- 
passivation chromates conform these 
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Figure 14a Behavior 


Acetic, carbonic and caustic solutions. 


Figure Behavior 


iron solutions saturated with oxygen. 


iron solutions saturated with oxygen. 
Phosporic solutions. 
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theoretical conjectures, the fol- 
lowing research was carried 
out: 

potentiometric study was 
Cr(OH), 
tions, partly progressive al- 
kalinization acid solutions 
chromic chloride (already studied 
and partly progressive acid- 
ification alkaline solutions 
this way determine the 
precipitation Cr(OH), for 
different chromium contents. 

investigation was made 
with the help the apparatus 
shown Figure into the cir- 
cumstances and potential 
for which there passivation 
iron, tested the form piano 
wire, with solutions containing 
3.2 grams chloride per liter, 
having different chromate con- 
tents. 

These experiments led the 
following conclusions: 


For definite content 
chloride and chromate iron sub- 
mits generalized corrosion 
not, depending whether the 
the solution has value 
less than greater than defi- 
nite value which can called 
the passivation; 

When the greater than 
this passivation the iron 
fectly according the case. 


Passivation not perfect un- 
less the greater than about 
12.6 (for solutions containing 3.2 
gr. the chromate content greater than 
determined critical value which, the case un- 
buffered solutions, varies follows with the chloride 
content: 


For 0.032 gr. between 1.0 and 1.7 

For 0.032 gr. between and 

For 3.2 gr. between and 

(the presence substances which, like sodium bi- 
carbonate carbonate exert buffering effect, per- 
mit lowering these critical chromate contents). 


the chromate content lower than this critical 
value, passivation imperfect and only affects part 
the metal surface which then undergoes localized 
corrosion. 


solutions containing different chromate contents 
are compared with values precipitation 
Cr(OH), alkalinization acid solutions chro- 
mic chloride, seen, for certain chromium con- 
tent (in the form hexavalent chromate the case 
passivation, and the form trivalent chromium 
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Figure 15—Equilibrium diagram (approximate scheme). 
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the case precipitation), and for chloride con- 
tent equal 3.2 the following 


According to 


Chromium Content Passivation| Bjerrum Britton Pourbaix 


observed that there very good agreement 
between the passivation and the precipi- 
tation. follows that the passivation due essen- 
tially the fact the solution trivalent chromium 
leads the reduction chromate bichromate 
iron with Cr(OH),. Superposition 
the equilibrium relative the systems 
(Figure and Cr-H,O (Figure 15) thus 
appreciation the circumstances passi- 
vation (for example, according 
Figure 15). 

Recalling, nevertheless, that for reasons not yet 
sufficiently explained, the presence excessive chlo- 
ride content injurious the quality the passiva- 
tion, and has the effect transforming the general- 
ized corrosion which manifested the absence 
chromate particularly dangerous localized corro- 
sion, perfect passivation reduction chromate 
not realized unless the chloride content 
below certain value. 
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ERRATA 


The following error has been noted the article 
Ten Broeke, Volume No. 12, 590-598 
(1948) Dec.: Page 596, Paragarph Line read- 


ing “ec 


“true.” 
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measure the tone This should read 
measure the true current,” changing the word 
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Corrosion Base Metal Contact Surfaces 
the Telephone System 


3ase metal contacts, the form 
copper alloys, are used varying 
amounts all telephone 
switching systems. These contacts may 
operational failures when corrosion 
resistance films are present upon the 
mating surfaces. The most troublesome 
these films caused oxidation 
the metal which results from friction 
between the contacting areas. 

Various cleaning methods, depending 
upon the design and accessibility the 
contacting surfaces, have 
ployed for the contacts the different 
systems, This article discusses new 
technique for improving the perform- 
ance contacts the talking circuits 
the panel dial system. 

this switching system, phosphor 
bronze brush power driven upward 
over vertical rows flat brass terminals 
until the proper set terminals 
reached. The average satisfactory ten- 
sion the brush spring with the brush 
but during the hunting operation the 
passes over terminal may small 
the unit pressure between the contacting 
surfaces can the order one ton 
per square inch. This 
combined with hunting speed from 
sible for considerable frictional heat 
the point slide. 

Laboratory tests this equipment 
have shown the frictional heat produced 
this manner may raise the temper- 
ature locally the melting point 
the metal. Where this condition occurs, 
coating oxides produced the 
sliding surfaces. These oxides 
sponsible for resistance films over the 
contacting area. addition, varying 
degrees corrosion the surfaces also 
take place depending principally upon 
the nature and quantity corrosive 


agents the atmosphere. general, 
the 


Figure 


contacts the talking circuit have 
negligible effect upon the direct current 
flow, but these fluctuations produce 
alternating current which mani- 
fests itself noise established 
connection. 

Initially, abrasion the contaminated 
surfaces was practiced remove the 
oxidation and corrosion films. freshly 
abraded terminal shown Figure 1.* 
This operation was 
effective that provided control 
over frictional oxidation and the appear- 
ance abraded terminal after 5000 
operations the brush over its surface 
shown Figure The oxide, will 
noted, extends over 
area. 

appeared reasonable expect that 
frictional heat might reduced and 
some protection against oxidation ob- 
tained lubrication the surfaces. 
Simple oil mixtures 
were not found very effective, 
however, and eventually was deter- 
mined that films developed under such 
agents. These films consisted com- 
bination metal oxides and insoluble 
soaps resulting from the oxidation 
both the metal and the lubricant. When 
certain surface active wetting agents 
were added, the formation these films 
was greatly retarded and 
surfaces could maintained rela- 


Figure Figure 
Contributed Communication Industry show contact area enlarged 
Correspondent of Corrosion Magazine. 50 times. 


tively clean condition. Further 
ments were obtained the 
solvent agents dissolve oil 


products and adding small 
quantity extremely fine 
the passage the brush over the ter- 
minals. The absence and 
after 30,000 brush operations 
trated Figure 

Structurally, petrolatum 
istic petrolatum store active 
liquid compounds the mixture and 
feed them out the brush they 


are needed which makes asa 


copious application petrolatum com- 
pound between terminals acis 


reservoir from which lubricating and 
protective layer continually supplied 
and into which wear products, dusts and 
sludge are dispersed the action 
the brush passing over the terminals. 

special kit tools was developed 
for applying the compound and for re- 
moving the old compound prior 
general appearance group treated 
terminals. Only the 
the talking circuits are treated. 

The conversion from 
cated contacts creates new situations 
general maintenance. For example, the 
quantity and character the 
the air within the switchrooms have 
bearing the life the treatment. 
Therefore, treated offices 
systems should provided which are 
capable removing the coarse dusts 
from the outside air supply. Also, care 
must exercised cleaning equipment 
frames with compressed air avoid 
blowing any accumulations 
lint into the compound 
prevent disturbing the the 
treated terminals, Ordinarily, 
minals would retreated about every 
two years. 


Figure 
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Christi Section 
New Officers 


First meeting Corpus Christi 
Section, was held January 
the Louise Hotel. New officers 
were Hugh Wilbanks, Jr., Gas 
Division, City Corpus Christi, chair- 
rge Mills, Central Power 
Co., vice-chairman; Elbert 
Pipe Line Co., sec- 


and Lig 
Rankin, 
retary-tr 

Product 
sented 
of Meta! 


vans Phelps-Dodge Copper 
Corp., New York, Y., pre- 
aper entitled “How Corrosion 
Promoted and Accelerated 
also presented 
cavitation. 


display articles showing exam- 
ples corrosion and other articles used 
work was displayed. This 
display expected become perma- 
nent feature section meetings. 

Guests included Doremus, Ca- 
thodic Protection Service, Houston, 
Texas; Quest, Tulsa, Okla.; 
Whitman and Garner Tube 
Kote, Inc., Houston, Texas, and 
Wimer, Wimer Engineering Co., Dallas, 
Texas. 


North Texas Section saw the motion 
picture “Underground River” showing 
the construction Magnolia Pipe Line 
Company’s 20-inch crude oil line from 
Corsicana, Texas, Illinois. special 
the Mississippi. Tom Statham 
Magnolia Pipe Line Company presented 
the and made comments. 


regular business meeting and 
dinner held February the 
Venus Restaurant, Dallas. Much inter- 
the coming conference Cin- 
cinnati was evidenced. 


Was 


North Central 
New Officers Elected 


New officers for the North Central 
Region have been elected follows: 


Vande Bogart, The Crane Co., 
Chicago, chairman; Walter Sandel, 
Coatings for Industry, Inc., Cleveland, 
vice-chairman; Shoan, Dearborn 
Chemical Co., Chicago, secretary-treas- 
urer; Greve, Commonwealth Edi- 
son Chicago, trustee 
man); Dr. Berry, Servel, Inc., 
Evansville, Ind., director. 


Berry elected for the unex- 
term Dr. Hugh McDonald, 
which will terminate during 
the 1950 annual conference. The nom- 
committee decided hold con- 
region the Chicago area 


ACE News 


Charter Changes Voted 


NACE WILL BUY FEBRUARY 
ISSUES CORROSION 


Fifty cents copy will paid for 
February, 1949, issues Corrosion 
Magazine. Mail copies with your name 
and address National Association 
Corrosion Engineers, 905 Southern 
Standard Houston Texas. 

Unprecedented demand for the 
issue has depleted the supply hand 
the central office. NACE will ap- 
replenishing supply. 


for another year, with the expectation 
would the Cleveland area the 
following year. 


Corrosion Theory 
St. Louis Meet Topic 


“Elementary Corrosion Theory,” 
William Gross the Tretolite Co., 
St. Louis, Mo., was the topic the 
principal address the February 
meeting the Greater St. Louis Sec- 
tion. Mr. Gross’ talk included data 
theories corrosion inhibition. 


The January meeting the section 
was the largest far, with more than 
present hear Walter Meyer’s talk 
“Metallizing.” 


“Technical and Human Aspects En- 
ing which Greater St. Louis Section 
NACE and St. Louis AIME Chapter 
will co-sponsors, April 21. 

The Greater St. Louis Section was 
guest the Engineers’ Club St. 
Louis, March 10, its regular monthly 
meeting. Dr. Fontana Ohio 
State University was featured speaker 
with address “Materials Engineer- 
ing,” with accents corrosion. Dinner 
and business meeting were held the 
Camille Tea Room beginning 6:30 
preceding the address. 


Regular meeting date the Greater 
St. Louis Section third Monday every 
month, exclusive June-September, in- 
clusive. 

Cleveland Section held 
monthly meeting February Hotel 
Carter. Sections “Metals and Corro- 
sion” from the text used Stevens 
Institute corrosion course 
Messrs. Connelly, Williams 
Co.; Everett Gosnell, Colonial Iron 
Works, and Veereke, Heil Equip- 
ment Corporation. each section 
group, method which proved 
interesting way present the sum- 
mary. 


” 


Members the NACE have been 
mailed copy proposed changes 
articles organization the associa- 
tion for their consideration prior the 
annual conference Cincinnati April 
11-14. All members are urged con- 
sider the material carefully and pre- 
pared make necessary comments and 
propose additions modifications when 
the subject comes for consideration 
before the membership the confer- 
ence. Members who have failed re- 
ceive the material are urged notify 
the Central Office duplicate copies 
may sent once. 

general, the proposed changes are 
designed broaden the opportunity 
individual members participate 
the affairs the association and regu- 
late its activities. While the amend- 
ments appear voluminous, good 
proportion the recommended changes 
are modifications the original articles 
incorporate into them material which 
now part the by-laws but which 
articles instead. 

Specific arrangement the changes 
was made the Policy and Planning 
Committee which Dr. True- 
blood chairman. The committee has 
endeavored interpret numerous sug- 
gestions for modification the articles 
and translate them 
changes the charter. Report this 
committee has been approved the 
board directors. 


Procedure for amendment the char- 
ter set forth Article present 
below: 

Proposed changes articles are 
considered the policy and planning 
committee which reduces them 
report the board directors. 

The board directors considers 
and after amendment 
adopts the report. 

The report reduced printed 
form for distribution all members 
before the annual conference. 

After having considered the ap- 
proved report members may express 
themselves for against the an- 
nual conference. There, under rules 
Parliamentary law, any member 
propose an amendment to the report. 
The aggregate the report, and 
any amendments adopted the mem- 
bership meeting, then reduced 
printed form and mailed members 
letter ballot within two months after 
the annual conference. 

Members have month consider 
the ballot, express their views and mail 
back the Central Office. 

Three tellers named the board 
directors will tabulate returns and 
determine which proposals are favored 
and which are not under the required 
two-thirds majority rule. 

Notice results the election 
will made known members. 
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CORROSION—-NATIONAL ASSOCIATION 


PRESIDENT 


NACE 


Officers the National 
Corrosion Engineers who will office 
the last day the annual 
Cincinnati and serve until succes- 
sors take office the last day the 1950 
conference follows: 

President—R. Mears, manager 
the research laboratory the Carnegie- 
Illinois Steel Corporation, 

Vice-President—V. re- 
search supervisor for the Union Oil 
Company California, Cal, 

Treasurer—O. Mudd, chief corro- 
sion engineer for the Shell Line 
Corp., Houston, Texas. 


CORROSION ENGINEERS 


Commer 


DIRECTORS ALSO NAMED 


Three directors serve tliree-year 
terms also were elected follows: 

Representing Active Members—P. 
Bachman, manager the de- 
velopment division the Commercial 


NACI 


Solvents Corp., Terre Haute, came 
Verink, Jr., head the chemical sec- Compa 
tion the development division the 
Aluminum Company America, New 
Kensington, Pa. ester 
Dean Glass, doing corrosion work porate 
with the transportation division the 
Pure Oil Company, Chicago, 
porter 
since 
TREASURER treasur 
About the New 
for 
time 
NACE Officials 
Mr, 
Dr. Mears, new NACE president, has associa 
been active association activities Review 
executive committee member and the 
director chairman the technical 
practices committee. began his pro- 
fessional career with Bell Telephone gation 
Laboratories, and subsequently became 
chief the chemistry and metallurgy Mr. 
division the Aluminum Company authori 
America. 1946 became associated China, 
with United States Steel Corp. its States, 
Kearney, J., research laboratory, after the 
which became manager the re- joined 
search laboratory the Americ 
Steel Corp. 
Mr. Jenkins for fifteen years has been Mr. 
research chemist and Univer 
visor for Union Oil Company Cali- had 
fornia. Prior this, successively, was sion 
the Emory University faculty, be- industr 
but 
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Directors for 1949 Are Elected 


PAUL BACHMAN 


Commercial Solvents Corp., Terre Haute, Ind. 


Director 
Representing Active Members 


NACE Officials— 


from Page 


came research chemist and head the 
standardization department the Texas 
Company Port Arthur and New York. 
was active organization NACE 
Western Region. Presently serv- 
ing the board directors cor- 
porate representative. 

Mudd, one the first members 
NACE, has been enthusiastic sup- 
porter and worker for the association 
since its founding. has served its 
treasurer from the beginning. 
uate electrical engineering Mr. Mudd 
for many years has devoted most his 
time the solution corrosion prob- 

Mr, Bachman, active worker the 
association chairman the Editorial 
Review Committee, has been member 
the board directors since April, 
1948. His principal activities with his 


firm have been research and investi- 


gation new processes for commercial 

Mr. Verink recognized 
authority corrosion. Born Pekin, 
China, was educated the United 
States, from Purdue, served 
the navy during World and 
jomed the Aluminum Company 
America after his release from active 
duty. 

Glass, graduate Ohio State 

chemical engineering, has 
mitigation work the petroleum 
most the time refining, 
but the production phase. 


NACE NEWS 


GLASS 


Pure Oil Company, Chicago, Ill. 


Director 
Representing Corporate Members 


North East Region 
Hold Joint Meetings 


Joint region-section meetings, one 
Pittsburgh May,and one Baltimore 
October will scheduled the 
Northeast Region, was decided 
meeting Irving Place, New York 
City, the region board trustees 
February 24. Present were Messrs. 
and Donovan. 

Mr. Lynch expressed the opinion sec- 
tions could organized both cities 
time permit these arrangements. 

Representatives the Metropolitan 
New York and Philadelphia Sections 
were requested send the regional 
secretary calendar 1949 meetings. 
Mr. Hamilton will supply list trade 
publications which notification as- 
sociation activities should sent. 

The trustees suggested space pro- 
vided the official journal 
list region activities under one gen- 
eral grouping, with each region listed 
sequence. also was suggested calen- 
dar coming events for the entire 
association should separately listed. 

report from Mr. Lynch was prom- 
ised the near future the case the 
Hackensack Water Company which ob- 
jected the dropping the water 
symposium from the conference pro- 
gram. 

Next meeting date Northeast 
Region Trustees will determined 
Cincinnati April. 


ELLIS VERINK, JR. 


Aluminum Co. America 


Director 
Representing Associate Members 


Philadelphia Section held meeting 
March Poor Richard Club, Phila- 
delphia, which principal business con- 
ducted was adoption section governing 
rules followed discussions “Solid 
Alloy Metals vs. Clad Alloy Metals,” 
“Addition Wetting Agents Im- 
prove Effectiveness Inhibitors,” and 
“Preparation Surfaces for the Ap- 
plication Organic Coatings.” 


Central NACE office will supply 
request official stationery for use re- 
gional and sectional secretaries and their 
officers. Cooperation keeping mailing 
lists date also available ap- 
plication the Houston office, 
Campbell, executive secretary, says. 


NACE MEMBERS 


You Change Addresses 
You Change Company Affiliation 
You Change Positions 


Please notify the Central Office NACE, 
905 Southern Standard Houston 
Texas, that you will get CORROSION 
without delay and that association rec- 
ords can kept abreast your progress. 


THANKS! 


| 
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Houston Section’s New 
Officers Are Listed 


Officers elected the Houston Sec- 
tion, NACE, announced dinner 
meeting February the Alabama 
Cafeteria are follows: 


Jack Battle, Humble Oil Refin- 
ing Co., chairman; Doremus, 
Cathodic Protection Service, vice-chair- 
man; Perry Spafford, Stanolind Oil 
and Gas Co., secretary-treasurer; Roy 
Comeaux, Humble Oil Refining 
Co., counselor; Kelly, James 
Mavor Co., trustee. 

These officers, all named one-year 
terms except the trustee, 
office two years, will take over their 
duties the first meeting following the 
national conference April. 

“Salt Water Disposal and Allied Cor- 
rosion was the topic for 
series 15-minute talks the follow- 
ing: Rudolph Buchan, Humble Oil 
Refining Co.; Perry Spafford, 
Stanolind Oil Gas Co.; Griffith, 
Tide Water Associated Oil Co.; Ted 
Zajac, Shell Oil Corp.; Waldrip, 
Gulf Oil Corporation. 

Sixty-five members 
tended the meeting. 


and guests at- 


Obituary 


Keith Maurer, 53, electrical engi- 
neer for Bell Telephone Laboratories, 
New York, died February 
home after heart atack. Mr. Maurer’s 
special work with the 
volved methods and apparatus pro- 
tect the telephone system from induc- 
tion interference electrified railways 
and power systems. was member 
several professional engineering so- 
cieties and organizations. 

Rites were held February Rock- 
ville Center, 


Gordon Conference 


Purpose the Gordon Research Con- 
ferences, held June 20-September 
Colby Junior College, New London, 
New Hampshire, bring experts 
date latest developments, analyze 
the significance these developments 
and provoke suggestions underly- 
ing theories and profitable methods 
approach for making new progress. The 
conferences corrosion, sponsored 
the American Association for the Ad- 
vancement Science, were established 
stimulate research universities, re- 
search foundations and industrial labo- 
ratories. 

The meetings are characterized 
informal type assembly consisting 
the scheduled lecture and free discus- 
sion groups. Sufficient time available 
stimulate informal discussions among 
members conference. Meetings are 
held mornings and evenings 7:30, 
Monday through Friday, with the excep- 
tion Friday evening. Afternoons are 
available for recreation participation 
discussion groups. 

Requests for attendance for any 
additional information should 
dressed George Parks, director, 
department chemistry, Rhode Island 
State College, Kingston, 


(Program was printed March 


ASSOCIATION CORROSION ENGINEERS 


Committee Activities 
Page Featured 


Appearing this month for the first 
time new feature, Com- 
mittee Activities,” which designed 
supplant the page “Message From Your 
Officers.” First contributor material 
for the new feature Dr. Mars Fon- 
tana, chairman the department 
metallurgy, The Ohio State University, 
Columbus, Ohio. 

Dr. Fontana points out his article 
that the National Association Corro- 
sion Engineers frequently assumed 
organization interested only 
pipe line corrosion, whereas true 
the association’s interests encompass 
pipe line corrosion but are means 
restricted this single aspect mate- 
rial protection. 

The article points the accelerating 
activities numerous Technical Prac- 
tices Committees the association and 
enumerates particular the broad and 
among members the TP-5 Committee 
Corrosion Problems Handling and 
Processing Chemicals, which 
divided into six subcommittees. 

Succeeding articles under the “Tech- 
nical Committee Activities” heading will 
deal with the work other NACE com- 
mittees. 


Official Conference 
Program Distributed 


Copies the 1949 NACE Conference 
official program have been mailed all 
others who have requested them. The 
program, comprising pages and cover, 
gives complete outline the proceed- 
ings chronologically within 
visions into which the agenda has been 
divided. index has been provided 
the inside front cover which all major 
topical subdivisions are listed 
neath index the symposia. 

Every effort has been made make 
the program complete and the same 
time arrange easy-to-read and 

Copies the program are available 
request interested persons ap- 
plication NACE Central Office, 905 
Southern Standard Building before the 
conference begins, after April 
conference headquarters the Nether- 
land Plaza Hotel, Cincinnati. 


TANK INSPECTION REPORT 


Copies the report the Corrosion 
Inspection Tour conducted the West 
Texas Section the National Associa- 
tion Corrosion Engineers during 
September, 1948, may obtained from 
Murray, Box 1270, Midland, 
Texas. Cash, check, money order for 
must accompany each order. 

The report covers the tour and find- 
ings tank inspections the West 
Texas area. 

Persons who have requested copies 
the report previously are asked 
reapply indicated above. 


Minor Changes Are 
Made Program 


Following list major changes 
the technical and committee 
schedules for the Cincinnati Conference 
which have been made since publication 
the March issue For the 
convenience those who wish make 
quick survey the changes, the list 
restricted account the present 
position these specific items the 
final agenda will appear the 
official program. 


TECHNICAL PROGRAM 


Principal change the program 
technical papers presente the 
conference the addition fifth 
paper the Oil Industry 
“Oil Can Control Wear,” 
Oil Co., San Francisco, Calif. 

The final copy for the 
gram shows 
two discussions. 


cal pro- 
technical papers and 


MEETINGS 


Principal changes the 
committee meetings are 
(Final schedule assignments given). 


Monday, April 
rial Review Committee—Paul 
chairman. 


Tuesday, April 12—12:30 
Society Committee Corrosion—Dr. 


Uhlig, chairman. 
2:00 p.m.—TP-7—Materials 


High Temperatures—M. 
chairman. 


Wednesday, April 13—TP-13 
Loss Due Corrosion—Dr. 
Compton, chairman. 


3:00 p.m. 


for Use 


Scheil, 


Nace Awards Committee— 
Rogers, chairman. 


Southern Gas Association’s annual 
short course gas technology Texas 
College, Kingsville, Texas, May 
30-June will have Williams 
the Chicago Corp., Corpus 
advisory committee chairman 
the fourth year Dr. Frank Dotter- 
weich, engineering division di- 
rector, 


chairman. 

Officers the American Water 
Works Association for 
been elected follows, according 


They will take office June 
CORRECTION 

LaQue and Dr. Mears were 
transposed the headings the 
issue, although correctly listed the 


stories the same page. 
Que will receive the \ward 
and Dr. Mears the Whitney rd, 


the stories indicate. 
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PERSONALS 


manager the industrial products 
sales department Goodrich Co. 
Wilson has been named 
the engineering mechanics sec- 


the National Bureau Stand- 


ards. will direct research 
structural elements and metal structures 


determine strength, deformation un- 


Jer load and other mechanical proper- 


Chicago. 


Stanley, chairman the 


hoard directors 
Nickel Canada, Ltd., continues 
this post, relinquishing the presidency 


Chester Conner has been appointed 
the industrial products sales 


managet 
the industrial and general 
products division The Good- 
rich Co. 


Hugh Baird has been named vice- 
president 
Inc., St. Mo. 


Dr. Thomas Daugherty the new 
assistant research for Calgon, 
Inc., Pa. Kaufman has 
been assistant director chem- 
ical research, Hall Laboratories, Inc. 


Earl Converse has been appointed 
senior vice-president and Eugene 
Fager elected vice-president and indus- 


department manager Dearborn 


Chemical Co. the sixty-first annual 
stockholders’ meeting the firm 

Converse has been with the 
company years and Fager joined 
Dearborn 1920, 


Harold Mosher has been named 


manager Goodrich Co., Dallas 
district industrial products sales depart- 
ment. 


Campbell Carothers, senior petro- 
leum engineer the production-marine 


equipment division, Humble Oil and Re- 


has been transferred the 
District, Southwest Texas Di- 
replaced Bevill who went 
Wasson District, West Texas Division. 


Bradley will head newly- 


research and engineering divi- 


sion the Green Fire Brick Co., 
Mexico, Mo. 


NACE NEWS 


NEW PRODUCTS 


Materials Service Literature 


Cycloflex PC-11, product Poly- 
Cycle Products Co., Cleveland, Ohio, 
sold through Murray Products, Inc., 
Cleveland, plastic lining for drums 
and tanks claimed the manufacturers 
give high resistance corrosion and 
chemical attack. available high- 
gloss black and white, both which are 
said withstand substantial tempera- 
ture fluctuations, resist mechanical abuse 
and oxidation. 


Four Factors Affecting pump life are 
Get Longer Service From Your Pumps,” 
available without charge from Interna- 
tional Nickel Co., Inc., Wall Street, 
New York The factors ex- 
plained are corrosion, corrosion-fatigue, 
erosion and wear. Case histories are 
cited. 


Complete descriptive information, line 
diagrams, installation and equipment 
photographs and specification data and 
ratings various sizes and styles 
metallic rectifiers manufactured the 
Westinghouse Electric Corp. are given 
new eight-page booklet announced 
the firm being available request 
from Box 868, Pittsburgh 30, Pa. 


Ductile Cast Iron, created intro- 
duction into iron small amount 
magnesium magnesium-containing 
addition agent, such 
sium alloy, announced 
tional Nickel Co. The new alloy 
characterized graphite structure 
the form spheroids, free from graphite 
the flake form. The company says 
the metal has excellent physical proper- 
ties, particularly high elastic modulus, 
high yield strength and ductility. Pearl- 
itic grades the cupola-melted mate- 
rial containing 3.2 3.6 percent carbon 
and 1.8 2.8 percent silicon provides 
the as-cast condition combination 
85/105,000 psi tensile strength with 
some ductility. Under stress behaves 
elastically like cast steel. 
sistance growth and oxidation gives 
promise its use many engine, fur- 
nace, and marine equipment fabrications. 


Thermal Properties hydrogen its 
various states have been compiled the 
National Bureau Standards NBS Re- 
search Paper from 
Superintendent Documents, 
Government Printing Office, Washing- 


NEW CORPORATE AND ASSOCIATE MEMBERS 


Following list new Corporate and Associate members who have joined NACE during 
the period from February March 15, 1949, bringing 267 the number these 
types sustaining Association memberships: 


Atlas Mineral Products Co., Mertztown, Pa. 


Buckeye Pipe Line Co., New York, 


San Water Dept., San Francisco, Cal. 


Representative 
Seymour 
Helmbrecht 
Pracy 


Hot and Cold Cathodes, vacuum tube 
anodes parts, furnace 
lead-in wires, support wires incandes- 
cent lamps and other similar applica- 
tions are forecast for several new nickel 
alloys International Nickel Co., New 
York. Four the new materials, intro- 
duced the March 7-10, 1949, conven- 
tion the Institute Radio Engineers 
Grand Central Palace are essentially 
pure nickel with alloying elements added 
provide special electronic properties. 
fifth alloy, 326 Monel slight varia- 
tion only from conventional analysis 
Monel make non-magnetic. Princi- 
pal applications for this latter material 
are cable shielding, mass spectrometer 
parts, cathode ray tube gun structures, 
structural parts for vacuum tubes and 
knit mesh for shielding gas- 


“Grip-Tite” Stearns anchors, designed 
originally anchor derricks, masts, 
and other similar structures have been 
adapted for the anchoring pipe lines, 
according announcement the 
Grip-Tite Manufacturing Co., Marshall, 
Texas. The assembly consists 
winged saddle through which galvan- 
ized rods are extended angle 
each side the pipe. the ends 
the galvanized rods are three-pronged 
metal anchors. Designed for use 
lines run through marshy, swampy 
lands subject floods, the company 
claims they elirainate the need cast 
iron concrete weights. Examination 
installations used anchor well der- 
ricks Manvel Field, Brazoria County, 
Texas for over years showed the rods 
were considerably corroded 
lower ends but that the diameter the 
corroded portion still was greater than 
that the smallest diameter the 
threaded portion, the weakest part 
the rod. Another test specimen, buried 
cubic centimeter, was good for many 
more years service the opinion 
the engineer making the examination. 
The anchors can bonded the pipe 
line participate protection 
provided for the main structure. 


Synthesis and Study new series 


chemical substances for altering the 


properties metal solutions the proj- 
ect four student chemists the grad- 
uate department chemistry Clark 
University, Worcester, Mass. The proj- 
ect supported grant funds, 
chemicals and equipment Bers- 
worth Chemical 
Framingham, Mass., producers 
questering and chelating chemicals. 


Pickling acid, produced 
from phosphoric acid base, but, ac- 
cording Nielco Laboratories, Detroit, 
Mich., balanced with other acids and 
inhibitors prevent from attacking 
base metal, offered being equal 
sulfuric acid pickling action; does 
not represent costly disposal problem, 
eliminates fumes, and lends itself 
corrosion control. Details the com- 
pound are contained Preliminary 
Technical Data sheet issued 
firm. 
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QUESTIONS 


19—What material 
composite brick-rubber linings can 
tank which aqueous per- 
cent nitric-5 percent hydrofluoric 
acid solution 140° stored? 
Editor’s Note: This question re- 
lates pickling stainless steel, 
and answers should take into con- 
sideration the effect dissolved 
metal salts and other variables in- 
troduced the pickling action. 


20—What the best type paint 
for chemical laboratory interiors? 


No. 


No. 21—What the reaction between 
aluminum (sheets) 
causes pitting? 

No. 22—What the mechanism 
when 
used metal primers? 


EDITOR’S NOTE—Several answers this 
question were received, among which there 
were two opposing viewpoints. The two discus- 
sions below submitted and 
Rogers, respectively, were selected 
representative these two viewpoints. 


ANSWERS 


No. (January, 1949)—Moisture neces- 
sary for sulfide corrosion. Wells differ the 
amount water produced. Water may pro- 
duced emulsion the oil, resulting less 
corrosive attack than the water were pro- 
duced free. The value produced water 
also L., World Oil, 127, 
No. 150-155 (1947).—P. Menaul. 


No. (January, 1949)—How should commer- 
cial aluminum alloys listed with regard 
susceptibility stress corrosion cracking 
fresh water and salt water? 

the METALS HANDBOOK, 1948 edition, 
published the American Society for Metals, 
starting page 228, there discussion 
stress corrosion aluminum alloys. Starting 
the top page 230 this article there 
discussion the different types aluminum 
alloys regarding their resistance stress cor- 
rosion cracking. Starting page 810 the com- 
mercial aluminum-copper alloys are listed with 
regard their composition possible for 
the reader place the commercial alloy com- 
position which interested the proper 
category listed page 230. somewhat briefer 
listing the alloy composition given page 
793 article the resistance corrosion 
aluminum alloys. For instance: the nominal 
composition 24S 442% copper, mag- 
nesium, 0.6% manganese; and hence, 
aluminum-copper-magnesium alloy. 
sion the resistance corrosion aluminum 
alloys will found starting page 791 the 
Handbook.—R. Brown. 


No. (January, 1949)—In condensate wells 
carbon dioxide considered the corrosive 
agent. What the mechanism this corrosion? 

The formation ferrous bicarbonate, 


Questions and Answers for this section should 
be submitted to L. G. Vande Bogart, Crane Co., 
Engineering and Research Division, 836 S. 


Michigan Ave., Chicago, Illinois. All questions 
will become property of NACE. Those not 


printed will be answered by mail. Questions 
should carry sufficient detail to describe the 
problem. Answers to printed questions are 
solicited. Authors of questions will remain 
anonymous to readers, while authors of answers 
may remain anonymous request. 


reaction between carbonic acid 
and iron largely responsible for the corrosion; 
ferrous hydroxide formed reaction between 
iron and water probably has some effect the 
corrosion reaction and the products formed. 


FIRST ANSWER 


The ion equations involved the ferrous 
bicarbonate reaction may written, 


a. 2HCO; Fe(HCO;)» 

Addition these ion equations provides 
equation involving only the reactants and the 
products, 


Fe 2 H.CO; = Fe(HCO;). 
Ferrous bicarbonate exists only solution 
carbonic acid, and carbon dioxide released 
from concentrated aqueous solutions the bi- 
carbonate, ferrous carbonate, precipi- 
tated. The gray colored carbonate only 
slightly soluble carbonic acid and frequently 
well corrosion. 


reacts with pure water the absence 
oxygen form soluble ferrous hydroxide, 
with the evolution hydrogen. The 
reaction can occur values high 
but proceeds slowly the solution becomes satu- 
rated and solid ferrous hydroxide precipitated 
over the metal surface. the presence car- 
bon dioxide, however, part the ferrous hy- 
droxide may converted ferrous carbonate 
according the equation, 

Ferrous hydroxide aqueous solution also con- 
verts the black, insoluble ferrosoferric oxide, 
known magnetite. Hydrogen released 
the reaction which represented follows, 

Ferrous hydroxide also reacts with ferrous bicar- 
bonate carbonic acid solution form the 
carbonate, 


X-ray analyses show that and 
particular are products gas-condensate well 
corrosion. Black, insoluble, ferrous oxide FeO 
also has been identified along with ferric com- 
pounds that probably formed after the corrosion 
specimen was exposed air, The ferrous oxide 
possibly exists equilibrium with ferrous hy- 
droxide; flowstream temperatures may high 
enough that ferrous oxide equilibrium 
with magnetite. The green hydroxide, 
unstable air and probably oxidized 
iron compounds higher valence before can 
identified. Phenols and the fatty acids also 
are believed causes corrosion gas- 
condensate wells and these compounds should 
taken into account general consideration 
reaction mechanisms.—C. Eilerts. 


SECOND ANSWER 


Considerable controversy rages the 
exact role carbon dioxide the condensate 
well corrosion problem. Actually, acidic agents 
such the lower aliphatic acids, formic through 
valeric, are known present addition 
carbon dioxide. Most the iron solution 
condensate waters apparently associated with 
anions the organic acids rather than with 
bicarbonate, upon oxidation the soluble 
ferrous iron the insoluble ferric state and 
heating, fitratable quantities acid remain 
which would not the case the iron 
associated with carbonic acid. 


The corrosion which occurs results largely 
from thet acid which develops the 
well from the solution carbon dioxide and 
organic acids from the well stream into the 
produced water. The dissociation constants 
carbonic acid and acetic acid are and 
respectively. Thus for equal molar con- 
centrations, acetic acid will give the lower 
value and have the greater conductivity. The 
direction both these factors increase 
the corrosion rate and support the theory 
that the organic acids are greater impor- 
tance than the carbon dioxide. known 
from laboratory experiences that low values 
are obtained from the organic acids present 
condensate well effluents under atmospheric 
conditions. also has been shown Carlson’ 
that under the partial pressures carbon di- 
oxide found condensate wells that acid 
values low enough result corrosion hy- 
drogen liberation occur. has shown 
laboratory corrosion tests that carbonic acid 
solutions resulting from partial pressures 
carbon dioxide found wells gives corrosion 
rates the same order magnitude these 
obtained from propionic acid solutions well 
head acid 

data have been given the relative 
quantities bicarbonate and propionic acid 
radicals associated with iron any given 
water. would expected, however, that this 
case corrosion will governed the total 
strength the acids involved. 

addition the influence the the 
produced water, other factors such the ve- 
locity the well fluids and the temperature 
exert important effects upon the corrosion rate 
virtue their influence depolarizing 
agents, furnishing fresh reactants, regu- 
lating the reaction speed, etc. 


Rogers 
1. Carlson, H. A., Petroleum Enginer, 18, No. 2, 
160 (1946). 
2. Hilerts, C. K., Green, F., Archer, F. G.. 
Hanna, B., and Burman, M., Corrosion, 


No. 6, 245-263; No. 7, 321-356 (1945). 
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Continuous glass fibers running full 


width mat. 


POROSITY 


Long glass fibers arranged pat- 
tern that gives maximum porosity. 


Coal tar derivative. 


NACE NEWS 


DISTRIBUTED EXCLUSIVELY 


PERRAULT 


1130 BOSTON 


SUPERIOR UNDERGROUND PIPE WRAPPING 
OUTSTANDING 


TULSA OKLA. 


Actual enlarged photo- 
graph Perrault Glass 
Pipe wrap, showing uni- 
formity and continuity 


from our Tulsa warehouse, from factory Hicksville, Y., 400 
foot rolls widths 3”, 6”, 12”, 18” and 800 foot rolls 


widths 9”, 12”, and 18”. 
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Characteristics Aluminum Make 
Suited Outdoor Reflector Use. 
Irby. Materials Methods, 27, 75-78 
(1948) June. 

Resistance corrosion and discolora- 
tion and the high reflectivity Alclad, 
plus ease fabrication, result its use 
for outdoor lighting units. Data are 
charted and tabulated, including effects 
various 


Summer 1947 Eros Returns (Cor- 
rosion Aluminum). Friese- 
Greene. Light Metals, 10, No. 117, 508-516 
(1947). 

account given the condition 
the statue Eros after fifty-four 
years’ exposure, repairs 
erection, and the method used re- 
move deposited dirt. average figure 
for all parts the statue shows 
have been made aluminum about 
percent purity. The statue was 
cleaned entirely hand, using warm 
water containing little neutral soap; 
the oxide skin the surface the 
metal itself was perfect condition, and 
attack other than the formation 
smooth oxide layer, even points 
contact with bronze and lead, has oc- 


Recent Developments Radiotele- 
graph Transmitters for Shore Stations. 
McDonald, Radiomarine Corp. 
Amer. RCA Rev. No. 751 (1947) Dec. 

Describes three new types radio- 
telegraph transmitters designed for mar- 
itime mobile services. Frame equip- 
ment made welded steel channels 
protected against corrosion with zinc 
coating applied hot spraying, front 
enclosure sheet steel construction 
with door rigid steel construction. 
Rectifiers, except main one, employ se- 
lenium and resistive elements for an- 
tenna Tophet “A” Ribbons. Figures 
and diagrams transmitters 
NCO. 


Atmospheric Durability Steels Con- 
taining Nickel and Copper Additional 
Exposure Data. Pilling and 
Wesley. Preprint No. (1948) 
pages. 

prior publication appeared 1940 
and described six series weathering 
tests designed evaluate the durability 
sheet specimens the above. Re- 
sults tests continued beyond 1940 are 
presented. the oldest series, observa- 
tions the end 22-year exposure are 
made available now. The advantage 
nickel-copper steels over copper steels 
becoming more evident. Effects 
phosphorus, silicon, manganese and car- 
bon were also 


Notes the Prevention White 
Powder Corrosion Cadmium Plate. 
Seabright and Trezak. Plating, 35, 
715-718 (1948) 

Cause and prevention above corro- 
sion cadmium-plated iron parts 


Abstract Section 
Style Outlined 


For ease in locating reference data, 
CorrOsION uses a uniform style in its 
Abstract Section. 


The abstracts first are broken down 
into major classifications the more 
common types of corrosion literature. 
In each review the title of the article 
is presented in bold face type, followed 
by the author’s name. The publication 
from which the article was abstracted is 
printed in italics and is abbreviated in 
most instances. Following this, in se- 
quence, are the volume (bold face), 
number in the volume, pages, year and 
month of publication. In some instances 
a second reference will be listed in the 
same manner. This indicates that the 
article also was published or abstracted 
another publication. sum- 
mary the article follows the above 
information and it is concluded with 
an abbreviation indicating the source 
of the abstract and contributor. The 
meanings of these abbreviations usually 
are listed on the first page of the 
Abstract Section. 

When seeking more detailed data 
about an abstract, best source of infor- 
mation the publication which the 
article appeared originally. (Listed in 
italics in the heading.) The contributor 
of the abstract also may be able to sup- 
ply additional information. Addresses 
of most of these publications may be 
found in the reference section of most 
public libraries. 


electromagnetic assemblies were investi- 
gated. The corrosion product was found 
water-soluble organic material 
such cadmium formate, evidently 
formed reaction with volatile organic 
acids resulting from decomposition 
impregnated fabric paper insulation, 
liquid seals, paints containing vege- 
table oils. Corrosion combinations 
cadmium, cadmium alloy other 
metal plates with different insulating 
materials was Absorption 


follows: 


turers, London. 


Code 


fumes activated carbon; use 
chromium; cadmium with cellulose 
acetate prevent 

Dependence the Atmospheric Cor. 
rosion Metals the Sulfur-Contain. 
ing Impurites the Air. (In 
Gerhard Schikorr. 115- 
116 (1947) May. 


lead, zinc, copper, nickel, 
and iron were found corrode rates 
dependent the sulfur 
the air. Two experiments, each one 
month duration, were out— 
BLR. 

Corrosion Zinc Roofs. 
Paper before Journees 
tomne (Fall Metallurg. Conf.) sponsored 
Soc. Francaise Metallurgie and 
Comm. Tech. des Etats Surface, Paris 
(1947) Oct. 6-10. (Abst. 

Severe corrosion zinc roois, which 
ordinarily remain good state for 
due the material the 
which the zinc was installed. Zinc must 
one which will absorb water, such 
most insulating materials. The zine can 
protected completely from the cor- 
minous packing good quality 
placed between the zinc and the sub- 


roof.—INCO. 

Electrical Contacts: The Effect At- 
mospheric Corrosion. Met. 
Ind., 73, No. 10-13 (1948) July 

carried out the “tar- 
nish formed metal electrical 
contacts when exposed to corrosive i- 
fluences suggest that two entirely dif- 
ferent types corrosion product can 
produced atmospheric attack and 
that these two types affect electrical con- 


“ 


Abbreviations the end abstracts indicate source abstract and contributor; and are 


Aeronautical Review, Institute Aeronautical Sciences, Inc. 
The Abstract Bulletin, Aluminum Laboratories, Ltd. 
Bulletin; British Non-Ferrous Research Association 
Calco Chemical Division, American Cyanamid Corp. 


Electrical World, McGraw Hill Publishing Co. 
General Petroleum Corp. California 
The International Nickel Co., Inc. 


Metals Review, American Society Metals 


Review Current Literature Relating the Paint, Colour, Varnish 
Industries, Research Association British Paint, Colour Varnish 


TDD Data Digest, Air Materiel Service Section 


Current Technical Literature, Bell Telephone 
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ABSTRACTS 


PROTECTI 


equipment layout showing compactness coating ing steel, pipe thoroughly cleaned, grit-blasted and 
operations. primed with SOMASTIC Pipe Coating Primer prior 
coating. 


FRESHLY emerges from the COOLING AREA—And finished storage pile 
nozzle into whitewashing chamber for protection pipe awaiting transportation pipe line. 
against solar heat during outdoor storage. 


PIPE COATI 


Manufactured 


CORROSION 


for dependable 
protection against 
corrosion 


specify 


For the dependable protection against 
corrosion that assures you long 
term operation minimum main- 
tenance Saran Lined 
Steel Pipe. Saran’s unusual resistance 
most chemicals and solvents plays 
important part the reduction 
shut-downs and lost production. 
Another noteworthy advantage its 
ease field fabrication—involving 
costly delays with special tools 
handling. Saran Lined Steel Pipe 
available maximum lengths 
feet and sizes from inches. 
Also available are allied fittings and 
plug valves, also saran lined. Write 
today for further information con- 


lined 


steel pipe 


readily 
field fabricated! 


available 
immediately! 


lower 
cost! 


cerning Saran Lined Steel Pipe. Man- 
ufactured The Dow Chemical 
Company, distributed nationally 
the Saran Lined Pipe Company. 


SARAN LINED PIPE COMPANY 


702 Stephenson Building 
Detroit 2, Michigan 
Offices in: New York e@ Boston 
Philadelphia e Pittsburgh @ Chicago 
Tulsa @ Indianapolis @ Houston 
San Francisco @ Los Angeles 
Portland e@ Seattle @ Denver 
Toronto 


Dow. 


CHEMICALS INDISPENSABLE 
TO INDUSTRY AND AGRICULTURE 
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tact problems different ways. ref. 


Galvanic Corrosion Indoor and Out. 
door Services. Bulow. Product 
19, No. (1948) May. 

According the author, galvanic 
couples copper and copper-base 
loys with such metals iron, aluminum, 
zinc magnesium are always inactive 
(no galvanic corrosion) when exposed 
relatively dry atmosphere such 
generally found indoors. 
vanic couples, however, may become 


activiated when exposed out-of-doors 


moist, corrosive atmospheres base- 
ments, warehouses, food processing 
plants, etc. 

Seriousness galvanic corrosion 
corrosive atmospheres depends upon the 
related effect such factors humid- 
ity, extent condensation, composition 
condensate, temperature, perfection 
contact between the two 
the galvanic couple, etc. Galvanic cor- 
rosion tests have revealed that antici- 
pated galvanic corrosion frequently does 
not occur assembled parts due the 
high electrical resistance the 
contact point between the dissimilar 
metals. 

pheres, galvanic corrosion have 
shown that copper and copper alloys 
coupled with other metals are not 
active might expected. However, 
when contact with aluminum ma- 
rine atmospheres, desirable com- 
pletely insulate the two dissimilar met- 
als. this not feasible, the copper 
should covered with electro-de- 
posited coating cadmium, heavy 
coating cadmium-tin solder. The lat- 
ter procedure along with inhibited 
grease has been used successfully for 
years the contact points between cop- 
per-alloy pole line hardware and alum- 
inum. 

Aluminum crevices between cop- 
per-alloy nuts and bolts 
vulnerable attack. Such crevices can 
filled with caulking compound, pet- 
rolatum grease bitumen. Painting 
both surfaces generally will give addi- 
tional 


Dry Corrosion Investigated Pitts- 
burgh Conference. Chem. and Eng. News, 
16, 1901. (1948) June 28. 

Summarizes proceedings 
tional Conference Surface Reactions, 
Mellon Institute, June 11, 1948. 
Among those present were representa- 
tives laboratories England, 
Germany, Holland, Sweden, and Switz- 
Much the discussion centered 
about the mechanism dry corrosion. 
—BLR. 


Factors Importance the Atmos- 
pheric Corrosion Testing Low-Alloy 
20, pp. (1948). 

Discusses planning atmospheric cor- 
rosion tests and various factors which 
influence the results asses- 
ment: thus the tests described the 
benefits alloying became more marked 
the time exposure increased. Fac- 
tors discussed are location, duration, 
manner weather and meth- 

Effect Atmospheric Corrosion 
Maintenance and Economics Overhead 
Line Hardware and Guy Strand. 
(Series concluded.) Couy. 
287-303 (1948) June. 

Discusses maintenance guy strand 
and gives data tests 
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it—the new one-piece concentric molded J-M 
Clipper Seal has plenty give and take help 
stand service. 


This flexibility has its advantages. The Clipper 
Seal’s hard, tough outer heel, for example, re- 
silient enough conform even slightly out 
round cavity. Yet the soft, pliable lip always 
maintains light, but positive sealing pressure 
the shaft, with minimum wear the seal. 


The simple design Clipper Seals also assures 
quick, easy installation, and permits removal with- 
out damage that the seal may used again. And 
because Clipper Seals are entirely non-metallic, they 
eliminate any possibility electrolysis corrosion. 


Clipper Seals are made both split and endless 
available for shafts sizes from 
68" O.D. They are for sealing against 


ABSTRACTS 


OIL SEAL 


oil, grease, water, coolants operating tempera- 
tures 450°F. Write for folder PK-31A 
Johns-Manville, Box 290, New York 16, 


Here’s how 
Clipper Seal 


works: 


The lip (A) held light 
but firm contact with the shaft 
means specially de- 


signed garter spring (B). 
Pressure shaft carefully 
pre-determined minimize 
wear, yet effectively seal 
against leakage. The heel (C) 
provides press fit the 
cavity, assuring tight lu- 
bricant-retaining seal this 
point also. This design 
readily varied meet special 
conditions. 
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rates diameter decay for areas 
various pollution severity and relation 
strength and corroded diameter. In- 
cludes economic comparison.—BLR. 


Climatic Effects the Corrosion 
Steel. Dearden. the Iron and Steel 
Inst., 159, 241-246 (1948) July. 

Gives observations the effects 
the weather prevailing the start 
exposure, the annual shedding rust, 
the expansion when this cannot occur, 
and the sulfur content rust formed 
under various conditions. Humidities 
over percent greatly accelerated rust- 
ing. references. 


CATHODIC 
PROTECTION 


the Protection Iron Parts 
Contact with Sea Water Galvanic 
Contact with Zinc. Todt. Arch. Metall- 
kunde, No. 288-289 (1947). 

Iron cooler tubes can satisfactorily 
protected against corrosion artificial 
sea water when placed galvanic con- 
tact with zinc. Ratio zine iron 
surface may low 1:1000. The 
effects variations the composi- 
tion the zinc, formation surface 
films the zinc, prevailing c.d. 
the zinc and variations the 
the artificial sea water are described. 
Previous investigation (Bauer and Vo- 
gel, Germany, 1942) found 
zinc was necessary protect 120 

Corrosion Protection. Mech. Eng. 69, 
No. 161-162 (1947). 


Examples cathodic protection are 


SAVE 
YOUR 
STEEL 


These services are promptly available 
throughout Texas and Louisiana 


LINING: Drill Pipe Casing Line 
Pipe for Salt Water and Gathering 
Lines. 


LINING TANKS: Gasoline Sour 
Crude Acids Alkalis. 


COATING: Off-Shore Structures 
Equipment Barges Dredges 
Tankers. 


GUARANTEED protection Tank 
applications with long range pre- 
determined cost. 
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Engineering Co. 


1814 Richmond 
Houston Texas 


“We Stay Ahead the Rust 
Instead Behind 


NATIONAL ASSOCIATION CORROSION 


given. Complex organic corrosion inhib- 
itors find increasing use. prevent cor- 
cially designed deaerators. Bacteria 
found sea water, some soils and even 
certain deep wells must killed 
prevent 


Pipe Protection. Peifer. Paper be- 
fore New York State Oil Producers 
Assn. and the Bradford District 
vania Oil Producers Assn. Producers 
Monthly, 11, (1947) Sept. Corr. and Mat. 
Prot. No. (1947). 

Reason for various types corrosion 
and the manner which they occur 
discussed. The use magnesium anodes 
cathodic protection high-lighted. 


Recent Developments Cathodic Pro- 
tection Pipe Lines. Peifer and 
Constanzo. Gas Age, 102, 21-23 
(1948) Aug. 

Describes and illustrates 
ments cathodic protection bare 
underground steel pipe lines. One devel- 
opment depends refinement the 
common method determining the 
need for protection and calculations 
current densities required for pro- 
tection. The other the use expend- 
able ribbon-type magnesium anode par- 
alleling the pipe varying distances 
computed from predetermined galvanic 
currents.—BLR. 


The Use Magnesium, Zinc, Alumi- 
num, and Their Alloys the Cathodic 
Protection Steel Salt Water. 
Rogers and Viens. Canad. Metals, 
10, No. 16-18 (1947). 

Experiments using cylindrical sheet- 
steel cathodes with anode fastened near 
the cathode center, the 
completely immersed sea 
water 35°C. for hours, showed the 
steel cathode was protected except when 
aluminum was the anode. Long steel- 
strip cathodes, which anode was 
clamped one end, immersed syn- 
thetic sea water 35°C. for hours, 
were protected for certain lengths 
time. Cathodic protection successful 
small-scale experiments, and mag- 
nesium high-magnesium alloys give 
optimum 


Galvanic Protection Interred Im- 
mersed Metallic Structures Magnesi- 
Anodes. Raclot. Paper before 
Journees Metallurgiques d’Automne (Fall 
Metallurg. Conf.) sponsored Soc. Fran- 
caise Metallurgie and Comm. Tech. des 
Etats Surface, Paris, Oct. 6-10 (1947). 
(Abst. French). 


The means which magnesium an- 
odes confer passivity iron are de- 
scribed, anode 9000 efficiency 
assuring protection years with 
months iron-concrete show trace 
active corrosion and pipe line 4500 
long protected eight electrodes, 
the potential being lowered 0.43 
—INCO. 


The Corrosion Buried Pipelines and 
Cathodic Protection. Institut Francais 
Pétrole. Corrosion, 23, Nos. 
271/272, 49-102, (1948) Mar.-Apr. 

collection papers petroleum 
pipelines presented the Journees 
Corrosion, October, 1947. Various au- 
thors (R. Mears, Brouwer, 
Raclot) deal with cathodic pro- 
tection either applied currents 
use magnesium alloy anodes. Others 


ENGINEERS 


(Y. Boyer, Verrien) deal with the 
electrolytic corrosion pipelines and 
Maurin with corrosivity soils— 
BNF. 


Cathodic Protection 
Structures. Gas Age, 102, 25, 57-58 
July 

Describes tests made determine 
value attaching zinc cylinders 


BLR. 


Magnesium Ribbon Used for Protec. 
tion Buried Metal Structures. 
ican Metal Market, 55, No. 149, 
(1948) Aug. 


The Dow Chemical Company, 
land, Michigan, has developed new 
magnesium ribbon anode, 
for protecting buried metal structures 
from corrosion which designed for 
use high resistivity soils where cast 
anodes may not practical 
their low current output 
conditions. The magnesium an- 
ode provides faster, simpler and ex- 
pensive methods installation 
duces current requirements 
mum. supplies from three seven 
times much current per 
does the conventional cast The 
new anode contains centrally 
core iron wire facilitate making 
permanent electrical connections 
prevent possible segregation, The 
installed furrow between and 
inches deep and spaced two ten 
feet from the structure protected. 
chemical backfill necessary and 
connections are made such structures 
pipe lines about every 500 1000 
feet where light current flows are ex- 
current flows are involved. The ribbon 
anode may used conjunction with 
the cast anode increase its efficiency 
and flexibility. also has important ap- 
plications where protection underwa- 
ter structures necessary.—ALL. 


Mid- 


Stray Current Corrosions. Experi- 
mental and Theoretical Investigations 
Dangerous Current Density. Carle- 
varo. Energia Elett. 24, 405-9 (1947) Sept.; 
Elec. Eng. Abstr. 51, 113 (1948) May. 

Measurements current density 
the surface water and gas pipes laid 
parallel tramway tracks showed non- 
polar diagrams, which varied consider- 
ably with time owing varying con- 
ditions the heterogeneous soil. The 
results, which favor 
ards 0.05-0.1 maximum 
permissible current density, 
cussed and the theory current 
bution developed assuming homoge- 
neous soil. more information ab- 
stract. 


CHEMICAL 


Platinum Metals—A Survey Their 
Production, Properties and Engineering 
Uses—Pt. III. Applications. 
Jahn. Metal Industry, 72, No. 12, 
(1948) March 19; No. 13, 249-250 
March 26. 

Resistance corrosion the 
erty which the many 
platinum depend. Uses which 
num put electrical and chen 
engineering, laboratory apparatus, 
scientific instruments are 
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Reilly Pipe Enamel gives dependable, lasting pro- 


tection against corrosion oil, gas and water lines. 


outside coating, Reilly Enamel completely 
seals and insulates the metal against its environment, 
thus preventing corrosive agencies from coming 


contact with it. 


lining water conduit, Reilly Enamel not 
only protects against corrosion, but also prevents in- 
crustation and tuberculation, thus insuring full capac- 


ity flow for the life the pipe. 


Reilly also makes corrosion-resisting coatings for 
storage tanks, stacks, towers and other metal surfaces, 


whether exposed underground, and for concrete, 


brick, and wood surfaces. Descriptive booklet sent 


request. 


REILLY TAR CHEMICAL CORPORATION 


MERCHANTS BANK BLDG., INDIANAPOLIS INDIANA 


500 Fifth Ave., New York 2513 Damen Ave., Chicago 


q 
4 
Oil line, coated with Reilly Enamel. 
Water lines, coated and lined with Reilly Enamel. 
ering 
Gas line, coated with Reilly Enamel. 
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Platinum-lined Inconel tubes for use 
high temperatures with corrosive gases 
are illustrated. Major uses palladium, 
rhodium, and iridium the fields 
electrical and chemical engineering are 


Corrosion-Resistant Steel Castings, for 
the Chemical and Food Industries. (In 
German.) Hans Hubscher. Chimia, 78- 
(1948) Apr. 10. 

Discusses production 
martensitic, ferritic and austenitic 
stainless steels and three methods 
preventing intercrystalline corrosion and 
the resulting electrolytic action the 
carbides the 


Electrometric Study the Behavior 
Stainless Steels Acids. Guitton. 
Revue Metallurgie, 44, 330-348 (1947) 
Nov.-Dec. 

method for study stainless chom- 
ium-manganese steel percent oxalic 
acid described. Data are tabulated 
and 


Large Pennsalt West Coast Unit 
Opens Oregon. Chem. Eng., 54, No. 
182, 184 (1947) Aug. 

All parts the evaporator equipment 
coming contact with hot caustic liquor 
the expanded chlorine and caustic 
soda plant the Pennsylvania Salt 
Mfg. Co. Portland, Oregon, are either 
solid nickel nickel-clad steel. This 
includes evalopator bodies, piping and 
pumps. Processes are described de- 


tail—INCO. 


Acetic Alum- 
inum. Chem. Eng., 55, 256 (1948) July. 
Kitchen. 

Acetic acid which contains traces 
water not corrosive aluminum. Ad- 
dition acetic anhydride the acid 
the only way which anhydrous 
conditions are likely produced. 
Hence this should avoided when 
using aluminum 


Sea Water Contamination Boiler 
Fuel Oil and Its Effects. Paper Eng. 
Rear Admiral Gray, C.B.E., D.S.O. 
and Wycliffe Killner, 
meeting The Institute Marine 
Engineers January 13th, 1948; Trans. 
Mar. E., 60, No. 43-54 (1948) March. 

The author explains that the prob- 
lems deterioration furnace refrac- 
tories and the formation bonded de- 
posits have become prominent that 
better understanding the underly- 
ing causes essential. Since the sum- 
mer 1942 has become more and 
more apparent that change the 
quality the boiler fuel oil supplied 
was causing good deal difficulty 
the boiler rooms ships all 
classes Navy. The author ex- 
plains that this change was due 
change the cracking processes 
connection with the production avia- 
tion fuels. The consequence was that 
this grade fuel oil, when contam- 
inated with sea water and agitated 
the motion the ship, will readily 
form emulsion stable that sep- 
aration does not take place under pre- 
vailing conditions. Any sea water with 
which the oil has come into contact 
therefore will remain the oil and 
the furnace when the sodium chloride 
content the sea water will react with 
the silica and alumina the firebrick 
high temperatures. the opinion 
the author higher grade quality 
firebricks made from materials found 


this country may likely in- 
crease the resistance normal wear 
and tear, but not likely offer 
greater resistance the action the sea 
water under high 
tions. Cases firebrick failure due 
excessive slagging are therefore likely 
continue unless the entry sea 
into the furnace eliminated.— 


The 18-8 Stainless Steels—Their Use 
Apparatus for Wood Carbonization. 
Garand and Givaudon. Paper before 
Journees Metallurgiques d’Automne 
(Fall Metall. Conf.) sponsored Soc. 
Francaise Metallurgie and Comm. 
Tech. des Etats Surface, Paris, Oct. 
6-10, 1947 (Abst. French). 


Results study 18-8 stainless 
steel carried out remedy destruction 
caused corrosion certain appara- 
tus for wood carbonization 
sented. Three series tests were car- 
ried out: cupric reagent; 
pvroligneous vapors; and acetic 
acid. Results are 


Developments Metals and Allovs tor 
Chemical Plant Equipment. 


Friend. Chem. Progress, 44, No. 
509 (1948) July. 


This article deals with recent devel- 
opments metals and alloys used for 
chemical plant emphasizing 
elevated properties where 
possible. recently developed 
products aluminum con- 
denser tubing for use with waters and 
cause nitting nonclad prod- 
ucts. This development followed several 
years’ experience with Alclad sheet. 
Experience with Alclad 
changer tubes Texas plant handling 
Gulf water was reported where only 
negligible attack core material 
had resulted even after the 72S surface 
coating had been corroded for dis- 
tance in. from the cast-iron tube 
sheet. The heat-treatable alloys used 
for chemical plant include 
75S, R303 and 24S, and the nonheat- 
treatable alloys used, 52S has the max- 
imum tensile and yield strengths 
elevated temperatures and usually 
recommended for such equipment 
varnish and resin 


Corrosion Steel, Cast Iron and Lead 
Sulfuric Acid and Choice Materials 
for Pipe Lines. Fontana. Ind. Eng. 
Chem. 40, 103-104A (1948) April. 


Steel very rapidly attacked di- 
lute and intermediate concentrations 
surfuric acid and narrow 
centration range around percent 
(oleum). Type 304 
steel economical replacement ma- 
terial for carbon steel the 101 per- 
cent concentration. curve shows the 
rapid decrease corrosion rate the 
acid concentration increased, which 
applies cast iron well steel. The 
relative suitability steel, cast iron 
and lead for sulfuric acid pipe lines 
shown tabular form. Cast iron 
more corrosion resistant hot strong 
acids than steel but may crack 
oleum. Lead-lined steel suggested for 
temperatures over 80°C. because steel 
provides mechanical support for the 
more resistant lead. Alloy steels 


irons are preferred, e.g., Duriron, which 
the only commercial material avail- 
able reasonable cost which resists 
0-100 percent sulfuric acid all tem- 
peratures. 


ENGINEERS 


COATINGS 


The Production Flexible Zinc Coat. 
ings. Heinz Bablik. Corro. and Mat. 
(1948) Mar.-Apr. 

Discusses adhesive strength coating 
base and deformation the coating 


Organic Finishes for Metal Products, 
Steel, 122, 77-82 (1948) May 17; 56-59 
(1948 May 31; 96-98 (1948) June 


First series covers choice the 
proper coating, application and_ baking 
methods, 
niques. Part devoted methods 
cleaning and preparing surfaces prior 
painting, and formation phosphate 
coatings steel. Part also with 
preparation for painting, ways 
determine whether not surface 
clean. Illustrated. (To 
—BLR. 


How Select Coatings for Aluminum, 
Ray Swan and Ruther. 
Metals, 10, No. 23, 40-41 (1947) 

The protection castings, extrusions, 
and sheet 


Corrosion Protection Chromium- 
Diffusion Coatings. (In German.) Fritz 


Steinberg. Metalloberflache, 58-60 
(1947) Mar. 


formed steel 1000° sealing 
parts coated inside retort con- 
taining chromium chloride. 
face layer may have alloy content 
high percent Gives ap- 
plications, methods fabrication and 
welding, and corrosion 


Anti-Corrosive Finish. 
No. (1947) Dec. 


Watson-Standard Co., Pittsburgh, an- 
nounce Co-Polymer P-5, fast drying 
finish for metal, wood concrete 
protect from moisture, acid, alkalies 
and other disintegrating forces. 
non-toxic, has good thermal stability, 
resistant abrasion and possesses good 
aging characteristics. available 
nine 


The Painting Aluminium Alloys. 
Watkins. Aluminium No. 
(1948). 

Brief notes the preparation 
aluminum alloys for painting and_ the 
application priming finishing 
coats with special reference 
painting small boats fabricated 
these 


Coating Steel with Nickel Immer- 
sion Nickel Chloride Solutions. \V. 
Wesley and Copson. the Elec- 
trochem. Soc., 94, 20-31 (1948) July. 

simple method for con- 
trolled amounts nickel sicel 
chemical displacement from 


nickel chloride, boric acid solution 
inch thickness can readily pro- 
duced. Suitable heat treatment these 
deposits renders them compact ad- 
herent and the same time causes 
diffusion the nickel and iron. 
believed steel coated this has 
its surface altered sufficiently serve 
better basis for other 


—BLR. 
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BERGLAS Underground Pipe Wrap tensile strength pounds per inch 
the field consistent combined with its porous characteristic 
and Moisture Resistance paint, moisture and acid-proofing. 
75, 400, 800 and 1000-foot lengths, GLASFAB excellent for hand 
and .025” thicknesses. wrapping “hot field joints, field re- 
hydrocarbon thermoplastic pairs and for machine-wrapping river 
Fiberglas cloth—is impervi- and “hot GLASFAB 
moisture and heat, compat- widths from 36”, and 


Kwestern continues lead the pipe-wrapping field offering PROTECTION PLUS: 
Fiberglas Underground Pipe Service. 


MORE DETAILED 


| 


CORROSION 


Anti-Corrosive Coating. Marine Eng. 
Shipping Review, 53, No. 114 (1948) 
April. 

Zincilate coating will air-dry without 
baking, said give years protec- 
tion against corrosion, flexible enough 
that coated sheets, pipes and forms can 
bent double without breaking. Over- 
coatings enamel, paint, wrinkle 
finish can applied. Zincilate 
adaptable production line application 
dipping, spraying, brushing roller 
coating with conventional finishing 
equipment. Mfd. Industrial Metal 
Protectives. 


Interior Tank Coatings. John Moore 
and Neil Phelps. Official Digest, 381- 
383 (1948) May. 


Lists required properties above 
coatings for petroleum-product storage 
tanks, and outlines development 
specially prepared phenol-formaldehyde 


Study Ceramic Coatings for 
High-Temperature Protection Molyb- 
denum. Moore, Bolz, and 
Harrison. National Advisory 
Committee for Aeronautics, Technical 
Note No. 1626, pages (1948) July. 

specimens molybdenum are covered 
with protective ceramic coating and 
then given tests which include heating 
constant temperature air atmos- 
phere, heating gas-oxygen flame, 
termal-shock tests, and service testing 
the blast ram-jet engines. Results 
greatly retarded best the coatings 
and short-time (10 minutes) pro- 
tection molybdenum oxidizing 
atmospheres gas temperature 
3500° 


New Metal Finish. Monthly Review, 
34, No. 12, 1421 (1947) Dec. 

Finish No. 146 can used clear 
corrosion-protective finish plain 
undercoating steel, aluminum, zinc 
base alloys, copper alloys, and magne- 
sium for subsequent paint, lacquer, 
enamel coatings, can applied 
dipping, spraying brushing, and can 
baked air dried. available 
both clear and tinted. also formu- 
lated water displacing type desig- 


nated Finish No. 146-W.—INCO. 


Coatings That Laugh Heat, Wear, 


Corrosion. Modern Industry, 16, 40-44 
(1948) Aug. 15. 
Describes and illustrates many uses 


porcelain enamel coating for 
steels and other materials. Reviews 
progress developing high-temperature 
enamels, elimination ground coat, low 
temperature enamels, and special enam- 


Recent Developments Paints for 
the Petroleum Industry. Oxley. 
Oil and Gas J., 47, 93-96 (1948) July 

Deals not only with recent develop- 
ments but also with preparation sur- 
faces, priming, final applications, and 
many specific paint problems.—BLR. 


The Insulation Aluminium Conduc- 
tors Anodic Oxidation. Jean Odier. 
Rev. Aluminium, No. 136, 259-264 (1947). 

description methods developed 
two French companies for the con- 
tinuous anodizing ande lacquering 
aluminum wire. The sulfuric process 
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Various specially developed tests are 
also described for adhesion, continuity, 
flexibility, and other film characteristics. 
claimed that wire treated will 
not break down under applied voltage 


Protective Coatings. Machinery and 
Equipment. Petro. Eng., 19, No. 174, 175 
(1947) Dec. 


New lines protective coatings for 
metal surfaces and waterproofing com- 
pounds for use with concrete, have the 
trade name Consa-Lite Coatings. 
Made from base pure 
gum combined with naphtha and min- 
eral solvents, they are said re- 
sistant sulfuric acid and its fumes. 
Pipe insulated with Consa-Lite suffers 
damage from soils that have either 
acid alkaline content. The coat- 
ings possess high insulating qualities 
and discourage marine growth. Mfg. 
Consolidated Sales 


Protective Coatings. Petro. Eng., 19, No. 
193 (1948) Feb. 

new pipe protective coat- 
ing with exceptional 
electrolysis and corrosion and outstand- 
ing shock impact resistance has been an- 
nounced National Petroleum Sales, 


Inc.—INCO. 


Forming Oxide Films Electrical 
Steel. Schmidt. Electrical Eng. 67, 
538 (1948) June. 

Digest paper 48-120, 
mation Oxide Films Electrical 
Steel.” Outlines process developed for 
consistently obtaining tightly adherent, 
blue-black, magnetic, 
iron oxide coatings low temperatures 
electrical-steel laminations mini- 
mize interlaminar eddy currents. This 
process consists treatment between 
400 and 550° either batch-type 
continuous furnace 100 percent 
steam atmosphere. obtain 
which not contaminated with metallic 
iron, necessary oxidize below 
570° annealing well oxidation 
desired, the punchings must remain 
bright during the annealing cycle and 
while they are cooling the oxidizing 
temperature. This accomplished 
the use furnace special design 
with annealing zone and oxidizing 
zone separated gas-tight transfer 
chamber.—BLR. 


Painting with Metal. Mech. 
121, No. 11, 666 (1947) Nov. 
Molten metal spray protects radio 


communication equipment, Zinc the 
metal most used. Surfaces mils 
have been applied capacitor surfaces. 
requires time dry whereas con- 
ventional baking methods 
nace equipment and 


Heat-Resistant Paint. Product 19, 
No. 166 (1948) May. 

Heatrem fuses with metal surfaces 
form permanently bright elastic finish 
resisting moisture, corrosion 
alkalis and industrial fumes. Paint will 
withstand temperatures 1500° 
Set time four hours and drying 
time overnight. Mfg. Speco, Inc. 


Recent Investigations the Protec- 
Seemann. Metallurgia, Part 1/2, 8-15 
(1947) Sept. 

Discusses the cladding process and 


ENGINEERS 


defects liable arise during it; strength 
the products; mechanism the 
sion copper into the cladding 
methods reducing it; 
afforded unclad portions; 
aged clad Duralumin; diffusion through 
coarse-grained cladding. Both alumi- 
num and aluminum-alloy claddings are 
covered; numerous literature references 
well diagrams, charts and 
graphs are included. 


Formation the Natural Oxide Film 
Aluminum. Fred Keller and Junius 
Edwards. Metal Prog., 54, 35-41 
July. 

Reviews some recent work meas- 
urement the rate formation the 
above film ordinary and 
temperatures. Some the results are 
charted and 


The Behavior Oxide Films 
Pittsburgh International Conference 
Surface Reactions, 202-212 June. 


The natural oxide film aluminum 
long has been known 
for the resistance aluminum 
weathering and oxidation 
This film starts form once when 
aluminum surface and 
matter minutes. dry the 
film bare aluminum grows rapidly 
first and stops abruptly after period 
the film has thickness corresponding 
few atom layers, the presence 
water vapor, will 
slowly for substantially longer period, 
The natural oxide film, air, may 
said have thickness from 
particularly above about 400°C (752°F), 
growth much more rapid, 
greater. the presence water vapor, 
growth the film attended the 
liberation small amount hydrogen 
peroxide and the effect this hydrogen 
may employed follow the reaction. 

The natural oxide film amorphous, 
far can determined X-ray 
diffraction 
However, high enough temperature 
can converted gamma-alumina 
and, exposure weather, some hy- 
occasionally occurs. The natural and 
weathered films are adsorptive, particu- 
larly with respect water vapor. Upon 
heating, water vapor, hydrogen, and 
small amounts carbon dioxide are 
liberated. Most the water vapor 
liberated such below 300°C (572°F, 
and higher temperatures 
portions hydrogen and other gases 
come off. The protective action the 
film depends large extent upon 
continuity and its rate dissolution 
the media which Con- 
tinuity the film 
affected alloying and 
oxidation products thereof may 
exist the film. Rate dissolution 
the film influenced treat- 
ments the oxide may have 
old film can removed me: 
reagents. The properties 
film, which forms once, are uenced 
the method removing old 


film.—ALL. 
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PROTECTS 
THE *BEST 


*Leading pipe line companies 
all over America are installing 
these around the clock protec- 
tors against corrosion. 


the left shows re- 
cent installation Kansas. 


GOOD-ALL SELENIUM RECTIFIERS 


Manufactured 


GOOD-ALL ELECTRIC MFG. CO. OGALLALA, NEBRASKA 


Available either oil immersed air cooled 
models any combination amperage 
and voltage output for operation any line 
voltage you may specify. 


UNCONDITIONALLY GUARANTEED 
IMMEDIATE DELIVERY 


National Distributors 


BOOTH 308 


N.A.C.E., Cincinnati 
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Hydrogen Attack Carbon Steels. 
Evans, Mech. Eng., 70, 414-416 (1948) 
May. 

Summarizes investigations conducted 
plant equipment from which con- 
cluded that straight low-carbon steels 
containing from 0.10 1.35 percent car- 
bon are susceptible hydrogen attack 
pressure 350 psi. and temperatures 
above approximately 300° C.—BLR. 


The Cause Stress-Corrosion Sensi- 
tiveness Homogeneous Alloys. Lud- 
wig Graf. Metallforschung Nos. 7/8, 
193-207 (1947). 


study was made the stress-corro- 
sion homogeneous alloys, particularly 
those silver copper with gold. Pre- 
liminary experiments showed that traces 
aluminum, magnesium, manganese, 
tin, and zinc, resulting from the use 
deoxidizers, have influence the 
results. practice, the alloys were pre- 
pared melting vacuo under ar- 
gon; the final specimens were the 
form hard-rolled strips, 0.6 mm. thick. 
The testing equipment described. The 
results show that: stress-corrosion 
can caused only medium which 
attacks the solid solution; the greatest 
stress-corrosion occurs solid solutions 
based metal which less noble 
than the alloying metal; and the 
danger stress-corrosion also exists 
with solid solutions based metal 
more noble than the alloying metal, but, 


ABSTRACTS 


this case, the risk depends mainly 
the type corrosive medium. Thus, 
stress-corrosion takes place only when 
there reaction between the corrosive 
medium and least one the compo- 
nents the solid solution, and its in- 
tensity bears direct relationship this 
reaction—it limited the electro- 
chemical p.d. between the alloy compo- 
nents, their properties, and the type 
reagent. The possibility, therefore, 
producing alloys insensitive stress- 
corrosion limited alloys based 
gold, platinum, and palladium; alloys 
based silver are only insensitive 
stress-corrosion when they contain less- 
noble metals the alloying component. 
Experiments using alloys these met- 
als, aqueous ferric chloride corro- 
sive medium, and loads 
show that: stress-corrosion occurs 
with the unalloyed metal; and stress- 
corrosion first occurs addition very 
small percentages the alloying metal, 
increases maximum, decreases, and 
finally ceases above definite amount 
added metal. Thus, pure silver shows 
stress-corrosion, but the addition 
maximum 21-27 and then 
stops when gold has been 
added. Similarly, with copper-gold al- 
loys, stress-corrosion very intense 
gold, but ceases when 
alloys formed from the customary base 
metals, where p.d. exists between the 
components, stress-corrosion funda- 
mental danger; can only minimized 
by: special properties the alloys, 
such high the formation 


MODEL 258 


Today’s finest, 
most dependable 
Geophysical Pros- 
pecting Instrument. 


MAKE FAST, ACCURATE 
CORROSION SURVEYS 


with 


VIBROGROUNDS 


MODEL 243 

Soil Resistivity Meter. 
Engineered to utmost 
precision for widest range 
of soil conditions. 


Model 258 Geophysical Prospecting Instrument precisely measures ohmic resistance of subsurface 
earth with 1% of full scale length, with the speed of simple push button operation. Not affected by 
“stray’’ AC or DC currents and potentials. Four overlapping ranges 0-3, 0-30, 0-300, 0-3000 ohms. 
Incorporates 13’ dial type potentiometer. Bridge type circuit using D’Arsonval galvanometer provides 


null balancing that eliminates errors usually encountered in indicating instruments. 


Model 243 Soil Resistivity Meter, also of simple push-button control reads soil 
resistivity within radius approximately 12’ of prod tip inserted to any desired depth. 
Calibrated to read ohms per cubic centimeter. Range 0-30,000 ohms per cc. 


Probe of special design. Only one probe required. 


BOTH INSTRUMENTS furnished complete with batteries compactly housed in 
light weight wrinkle finished metal cases. 


Send for fully 
descriptive bulletins 


ASSOCIATED RESEARCH, 


3750 W. Belmont Ave. 
Chicago 18, Ill. 


passive surface films, and suitable 
treatment, such annealing, cold 


ing, 


Non-Ferrous (Copper 
Pipe Minimizes Sludge-Plant Corrosion, 
Petro. Ref., 26, No. 138 (1947). 

Describes the use copper and 
bronze heating units, fittings, and 
trol valves new sludge-circulating 
and heating plant for the disposal 


acid sludge from petroleum 
MA. 


Effect Hydrogen Generated 
Rawlins, 187-206 (1948) May, 

Illustrates and describes various 
ples embrittlement and hardened steel 
parts and blistering unhardened parts 
petroleum-processing equipment 
caused the above. Gives 
study determine the mechanisms in- 
volved, using chemical analysis, mechan- 
ical testing, microstructural 
Gives recommendations for control 
hydrogen damage various methods 
including use ma- 
terials and protective coatings; use 
ties; control elimination cor- 
rosion promoters; use inhibitors; and 


CONDENSATE WELL 


Test Nickel Plated A.P.I. Type 
Joint Flow Line Corrosive Distil- 
late Well. Morton. Corrosion, 
supplement, 1-3 (1948) July. 


Above joint had 
features that made particular in- 
terest. One was that the threading 
the coupling and that the pipe, 
well its interior were nickel plated 
depth about 6-8 mils, The other 
was that part the nickel had been 
removed from the chamber the pipe 
prior its assembly into the coupling. 
Severe galvanic corrosion was expected 
but not observed. was concluded that 
condensate well the type studied will 
not result serious attack 
been anticipated previously. also 
believed thin coating nickel will 


Research the Control Corrosion 
Natural Gas Wells. Shock, Nat- 
ural Gas Assoc. Am. A.C.S., 
ton (1947) Dec. 13. Oil and Gas J., 46, No. 
33, (1947) Dec. 20. 


Chief corrosive agent carbonic acid, 
although severe corrosion occurs only 
when carbon dioxide accounts for more 
than psi total gas pressure. 
mental data obtained date indicate 
corrosion new wells. study steel 
test sheets exposed the corrosion has 
shown wells can divided into three 


classes, two which corrosion can 
expected and third which 
tive chemical film forms the metal. 
Acetic acid only moderately 


sive agent. 


Alloying Steels for Corrosion Resist- 
ance Gas-Condensate Fluids. 
Eilerts, Faye Green, Archer, 
Betty Hanna and Burman. Cor- 
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rosion, 245-263 (1948) June. Part II, 


(1948) July. 


Describes and gives results tests 
made Bureau Mines using aqueous 
solutions carbonic acid, propionic 
acid and phenol maintained 130° F., 
determining relative resistance 
corrosion carbon steels, chromium 
steels, nickel steels, chromium-nickel 
steels, copper-nickel steels, and copper- 
nickel alloys. Nine percent nickel steel 
was found have relatively high re- 
corrosion. Chromium-nickel 
steels and copper-nickel alloys exhibited 
good resistance. concludes ex- 
tensive presentation discussion and 


charts, tables, photographs, and photo- 
carbon steels, chromium 


steels, steels, chromium-nickel 
steels, copper-nickel steels, other cop- 
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ABSTRACTS 


per-nickel alloys, and plated steels. Also 
deals with effect sodium chloride 
rate corrosion alloy steels; compo- 
sition metals and tendency toward 
wetting the condensate and suscepti- 
bility corrosive attack well-treat- 


Factors Considered the Se- 
lection and Use Sub-surface Sucker- 
rod Pumps. Chenault, Oil Well 
Supply Co. Paper before ASME, Hous- 
ton, Oct. 5-8, 1947. Petro. Eng., 19, No. 
132, 134+ (1948) Jan. 

pumps, attempts combat corrosion 
caused hydrogen sulfide, salt water 
containing chlorides and other salts, 
carbon dioxide and high temperature are 
mentioned. Iron alloys, steel and non- 
ferrous alloys were used. Many: alloys 


just don’t come too big for Koppers! 


Look the 120-foot section 66-inch steel pipe 
pictured above. It’s only small fraction the new 
10,000-foot intake pipe line the Saginaw-Midland 
Water Project, Saginaw, Michigan. This entire pipe 
line, inside and out, has been protected against corro- 
sion with Koppers Bitumastic* 70-B Enamel. 

From start finish, Koppers Contract Depart- 
ment handled this tremendous coating job. Some 
the 40-foot joints weighed approximately tons; 
yet Koppers skilled workmen, using specialized spin- 
ning equipment, easily coated the pipe’s interior with 
glass-smooth spun lining. Saginaw can now cer- 
tain that its pipe line will protected against rust, 
corrosion and tuberculation can certain that 
the flow capacity will remain high. 


PROTECTIVE COATINGS 


KOPPERS COMPANY, INC., Dept.413T, Pittsburgh 19, Pa. 


Why not submit your corrosion problems our 
Contract Department? Write today. 


*T. M. Reg. U. S. Pat. Off. 


hardness resistance wear although 
they have corrosion resistance. 
tions and charts are included. Three 
references.—I NCO. 


CONSTRUCTION 
MATERIALS 


Hoisting Rope Research Ontario 
Mines. Dye, Parker, Inco, 
Healy, Ontario Mining Assn. 
Paper before Can. Inst. Mining 
Metallurgy, Jubilee Ann. Mtg., Vancou- 
ver (1948) April. Northern Miner, 34, No. 
36+ (1948) April Can. Mining 
Metall. Bull., 41, No. 431, 158-171 (1948) 
March. 

Study was made the occurence and 
causes rope and wire deterioration 
operating mines Ontario, with em- 
phasis the causes and prevention 
corrosion. Although the steel used the 
manufacture hoisting rope wire 


CATHODIC PROTECTION 
Systems Designed, Installed 
and Maintained 


Consultation service electrolysis, interfer- 
ence and special corrosion problems. 


HUDDLESTON 


ENGINEERING CO. 
BARTLESVILLE 


SIMS 


Consulting Corrosion Engineer 
Box 761—Dallas, Texas 
Telephone Logan 6-3564 
Specializing pipe line and plant corrosion 


surveys, recommendations and supervision 
cathodic protection installations. 


CATHODIC PROTECTION 
SERVICE 


Engineering Installation 


Dow Magnesium Anodes, Miscellaneous 
Supplies and Instruments 


1801 Bissonnet, Houston K. 3-6092 
Tulsa, Oklahoma 


STARR THAYER 


Consulting Engineer 


Corrosion mitigation on existing struc- 
tures; protection designed for new 
structures, 


614 S. Standard Bldg. Houston, Texas 


STATIONARY COATING WRAPPING 
COMPLETE PIPE RECONDITIONING 
Plants - Corpus Christi - Refugio, Texas 

Jackson, Miss. 
ROSSON-RICHARDS CO. 
Box 3-5121 2-9021 


Portable Units Available for Rail-Head 
Coating Anywhere 


‘onze) 
May, 
exam- 


high uniform quality, may suffer rapid 
deterioration due the corrosive action 
mine water and exhaust air the 
shaft. Internal corrosion the most 
common and serious form rope de- 
terioration. present there are only 
two measures for the prevention 
internal corrosion; the reduction the 
quantity corrosive water and exhaust 
air the shaft the absolute mini- 
mum, and the frequent dressing the 
rope with greases which seal against 
moisture and tend inhibit corrosion. 
Study includes: microscopic and metal- 
detection the presence corrosion 
and other deteriorating influences 
non-destructive methods; results ten- 
sile tests made 
ropes; characteristics hoisting instal- 
lations; design and testing new and 
improved safety dogs and safety dog 
mechanisms; and development im- 
proved inspection and maintenance prac- 
tices for hoisting 

Jet Plane Heat Insulation. Aero Di- 
gest, 55-70 (1947) Sept. 

Thermoflex blanket material used 
insulate plane parts against exhaust cone 
heat and sandwiched between layers 
Inconel wire mesh, highly resistant 
corrosion and oxidation, 
—INCO. 

Aluminum Valves, Alcoa Aluminum 
News Letter, Aluminum Company 
America publication, Page June, 1948. 

The Wm. Powell Company, Cincin- 
nati, Ohio, manufacturing line 
quality valves for services calling for 
high resistance corrosion. Aluminum 
among the materials from which these 
valves are made because its high re- 
sistance acetic and nitric acid. 
illustration shows specially designed 
aluminum valve known “separable 
body, reversible seat ‘Y’ valve.” The re- 
versible seat plate provides two seating 
surfaces and the body can unbolted 
and turned make angle valve. Both 
sections are cast from Alcoa No. 
aluminum alloy. There are numerous 
other aluminum valve designs 
Powell 
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METAL FAILURE 


Determination Physical Chemical 
Factors Stress Corrosion Cracking 
Mild Steel. Winterstein, Mc- 
Donald Waber, Welding J., 26, 723s- 
726s (1947) Dec. 


Represents progress report 
fundamental study the above 
nois Institute Technology. theory 
stress corrosion was developed and 
verified which also has application 
other cracking was shown caused 
dissolved nitrogen and the indi- 
rect effects several other elements. 
From understanding the mech- 
tive treatments were designed and the 
success both verified the theory. De- 
scribes new equipment developed which 
permits improved control variables, 
rapid testing, automatic records, extra- 
polation data higher temperature, 
and evaluation the effect protective 
treatments welded 


The Formation Peel Whiteheart 
Malleable Cast Iron. Preece 
Irvine, Iron Steel Inst., 158, 3-8 (1948) 
Jan. 


The mechanism the above was 
studied exposing suitable specimens 
mixtures carbon-oxygen, and 
was found that the essential 
conditions are the presence sulfur 
the gases and high carbon-oxygen 
content. The oxide network associated 
with peel formation caused pref- 
ciently reducing atmosphere, absorption 
and diffusion sulfur take place, form- 
ing continuous band iron sulfide 
beneath the surface the iron. The 
depth this band directly related 
the amount surface decarburization. 


—BLR. 


WAYS STOP 
CORROSION 


Line-Tite 


Vinyl-Clad 


These products are based copolymer vinyl resins with proven 
performance over the past years. 


Each problem specifically engineered from our experience hun- 
dreds varied applications throughout the corrosive field. 


are now solving corrosion problems the major industries such 
chemical, petroleum, food and dairy, paper, hydro electric power, 


mining, etc. 


Let help you. 


Write for our new catalog 


PLASTIC LINING CORPORATION 


PROTECTIVE PLASTIC COATINGS 


914 South Wabash Avenue 


Chicago Illinois 


Pioneer Vinyl Industrial Protective Coatings 


REFINERY 


Installing Stainless Steel Multiclone 
Petro. Proc., No. (1948) 

an. 

January cover Petroleum Process. 
ing shows installation 14-ton, all 
18-8 stainless Multiclone separator 
latest design being hoisted into place 
the regenerator 5000 b/d fluid cata- 
lytic cracking unit. Operates the cen- 
trifugal principle thus avoiding erosion 
and corrosion problems. All-welded 


Carbon Steel Gives Good Service 
Processing Sour Crude Oils. 
111-113 (1948) Feb. 

Describes and illustrates results in- 
spection Leonard Refineries’ 3000- 
barrels-per-day TCC unit Alma, 
Mich., after 222-day run reduced 
crudes containing about 0.09% fur— 
BLR. 


Maintenance Stainless Steel 
Petro. Proc., 25-28 (1948) Jan. 

Article I—Types and their 
tions; welding, intergranular 
The number types stainless steels 
now available for 
equipment provides for selection 
grades most suitable for specific proc- 
essing applications. Knowledge the 
properties stainless steels also 
found helpful plant maintenance. 
Types stainless steels useful when 
sulfur compounds are are 
described, well those suitable for 
applications high temperatures and 
the new sub-zero fields, the proper 
design equipment and the proper se- 
lection steel corrosion can avoided 
greatly lessened.—GPC. 


The Analytical Chemist and Corrosion 
Studies. Murray, The Pure Oil Co., 
Petroleum Refiner, 27, 420, 426 (1948) 

the study refinery corrosion 
problems, always necessary ob- 
tain different sorts analytical 
cal information. Supplying this informa- 
tion extremely varied character 
requires much skill and judgment for the 
tests made. 

The analytical chemist must 
iar with plant operations, plant inspec- 
tions, and some the chemical engineer- 
ing techniques understand the 
corrosive conditions. Strict confinement 
the laboratory, working only with 
standardized analytical procedures will 
not enable him become familiar with 
such things. Besides routine analysis, 
the chemist can assigned 
phase refinery operations his spe- 
cial responsibility when and 
other chemical problems arise. Operating 
units such thermal cracking, alkyla- 
tion, and polymerization should un- 
derstood the chemist will ready 
should problems arise their 
The chemist and the engineer to- 
gether solving problems. 

When trouble the chemist 
immediately the scene and has the 
opportunity talk with the 
operator and helpers. Thus may 
some unusual conditions before the 
failure. From the knowledge 
processed, impurities likely present, 
and metals equipment involved, the 
methods and scope analysis lin ted. 
The engineer again consulted the 
analysis has been made. 
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la fo e e 
One the application methods 
roper 
provided under... 
STANDARD Procedures. 20,000 square feet “warming 

control temperatures cleaning pipe and storing 

felts and for warming pipe through every step the application 
materials. Moisture completely eliminated are applied 
orma- warm pipe. Small batch kettles, mechanically agitated, prevent changing 
the physical characteristics coatings. 
or the 
STORAGE Transit Available. You may take delivery 
ineer- your pipe and store long months without freight penalty 
Standard pipeprotection The permanent storage 
area the industry facilitates low-cost distribution your pipe. Write 
will now for schedules. 
with 
3000 SOUTH BRENTWOOD BLVD. ST. LOUIS 17, MISSOURI 
e un- 

-eady 
k to- 

goes 

When you ship your pipe through the 

St. Gateway you enjoy “through 

freight instead the higher com- 

bination rates generally used. Immediate 


permitted under existing railroad tariffs. 


omy 

te 


writing the report, the chemist 
should include all relevant information. 
The report should easily readable and 
should not confine itself details the 


failure. important emphasize cor- 


rective measures. Outling these correc- 
tive measures enables the engineer 
make choice based chemical well 
economic measures. The result 
this kind investigation and report 
well balanced complete chemical re- 
view the problem. 


Report the Petroleum and Synthetic 
Oil Industry Germany. Gordan. 
Mission from the Ministry Fuel and 
Power. BIOS Overall Report No. 134 

For the process, the 
shafts are steel shell. The Krupp- 


ABSTRACTS 


Lurgi oven has boiler-steel plate walls. 
Central portion slagging generator 
for the process consists water- 
jacketed mild steel shell. Flat grate 
Pintsch type slagging generator 
special cast steel. Koppers process 
special steel tubes are used. For the 
alkazid process, the scrubber 
was made iron, and the regenerator, 
pumps and distributor aluminum. 
Corrosion was slight but has been in- 


tended replace the regenerator 


built steel. recent DIN 
specification for alkazid plants recom- 
mended ordinary steel iron 
50°C, percent chromium steel 
95°C and ferrous alloy containing 
percent chromium and percent nickel 
with small amount carbon for boil- 
ing solutions. potential disadvantage 


Corrosion resulting from quiescent re- 


circulating water, brine, can generally 
stopped effectively and economically 
the addition Chromium Chemicals, This 
treatment prolongs the life exposed metal 
surfaces indefinitely small cost. 


The files our Research Department 


contain references the use Chromates 
corrosion inhibitors many widely di- 
versified industries. 


Write regarding your specific problem. 


may able help you solve it. 


Sodium Bichromate 
Sodium Chromate 
Potassium Bichromate 
Potassium Chromate 
Chromic Acid 


MUTUAL CHEMICAL COMPANY AMERICA 


270 MADISON AVENUE 


NEW YORK 16, 


the pressure process corrosion 
increased concentration dis. 
solved and sulfur gases 
water. combat this, parts pres. 
sure plant with which liquid water 
likely come into contact should 
made special steel. Oppay 
prefers use percent 
steel, but have used V2A and occasion. 
ally percent chromium 
For the new flat 
cent chromium, percent silicon), 
the Lurgi High Pressure process the 
charging pouch generator consists 
chamber boiler steel. The top 
valve H.30.11 steel and the bottom 
valve has hard (Panzer) steel remoy- 
able conical insert seats against 
chromium alloy 60.11 steel 
edged seating. Difficulties due 
sion parts the plant and 
percent chromium steel proved resis- 
tant. hydrogenation plant equip- 
ment the most suitable material for pre- 
heater tubes was V2A steel. Shortage 
nickel and chromium necessitated the 
use N10 containing 0.2 percent car- 
bon, 3-4 percent chromium, 0.5-1 percent 
molybdenum, 0.5 percent tungsten and 
0.8 percent vanadium. Converters are 
chromium steel forgings fitted with 
V2A liner. butane dehydrogenation 
the tube bundles consist 
tubes. the Fischer-Tropsch process 
for synthesis normal pressure re- 
action vessel took the form rec- 
tangular sheet metal box containing 
bundle horizontal tubes interlaced 
vertical steel sheets. the medium 
denser was constructed acid-resisting 
alloy steel. esterification alcohol and 
acid are charged stainless steel re- 
action vessel. Problem corrosion 
motor petrols unlined barrels was 
tackled development additive, 
Hoechsi, which would form im- 
pervious phosphate layer the inner 
surface. This was promising. stop 
corrosion engines being put into stor- 
age after use with fuel containing TEL, 
engines were run out clear fuel, 
possibly containing neutralizing, 
corrosive material, and then lubricated 
fatty oil—INCO. 


SURFACE PREPARATION 


Preparing Surfaces for 
Rick Mansell, Steel, 122, 93-95 (1948) 
Mar. 


Describes use blasting, rough- 
threading, electric-bonding methods 
clean and roughen surfaces before 
metal spraying.—BLR. 


Latest Methods for Cleaning 
tomotive Ind., 98, No. 42-43 (1948) 


Aluminum one the most 
metals clean, being unusually 
and rapidly attacked alkalis. 
the different methods cleanin: 
solvent wipe-on-cleaning, vapor 
ing, steam cleaning, emulsion clean! 
acid dip, and hot tank alkaline 
The Douglas Aircraft 


the last method. Parts are immer 
mild alkaline hot tank solution 
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ASSOCIATION CORROSION ENGINEERS 


ENDS PIPE JOINT CORROSION 


ROT 


pipe joint 


GLASFAB, the new inorganic reinforcing fabric ends 


pipe joint corrosion because corrects the deficiencies 
the organic fabrics heretofore available for this purpose. 


INORGANIC. Being made Owens-Corning Fiber- 


glas fibers, GLASFAB wholly inorganic nature, hence 
not subject char heat, rot decay from soil 
bacteria moisture. has capillary action thus allows 
escape the volatile oils from the compound into the 
soil and does not carry moisture into the compound. 


HIGH TENSILE STRENGTH. Highest strength 


weight factor any material used for pipe wrapping. 
Reinforces compound insure better resistance against 
soil and impact stresses. 


HIGH DI-ELECTRIC FACTOR. nas 


the high di-electric factor inherent glass insulation. 
Will not affect diminish the peak di-electric resistance 
the compound reinforcing, “Holidays” joints 
are 


pipe joint 


wrapping 


COMPATABILITY. may used with 


any accepted coal tar asphalt base products. Usable 
with hot cold applications—resists heat 1000° 


USES. Field joint wrapping. Re-conditioning. 
“Hot Spots” and bad soil conditions. Provides lower 
cathodic protection costs. 


The Lexington Supply Co. 


Manufacturers 


CLEVELAND OHIO 


Distributors the Pipeline Industry 


MIDWESTERN ENGINE 
EQUIPMENT CO., INC. 


105 Boulder St. TULSA OKLAHOMA 
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tained temperature 160° (71° 
C.). Parts are removed and rinsed 
cold water spray tank. They are then 
cleaned second hot alkaline tank 
followed rinsing hot running wa- 
ter. After this parts are either anodized 
Aluminum aircraft tub- 
ing cleaned with emulsion type 
cleaner prior the hot alkaline tank 
immersion. Cleaning aluminum prior 
electric resistance welding begins 
with the hot alkaline tank immersion 
process followed etching process 
which consists dip immersion 
acid sulfate type etchant. For torch 
welding cleaning, parts are first given 
hand wipe operation followed 
acid dip—short immersion 
mixture 10% nitric acid and 0.05% 
hydrofluoric acid. The acid dip fol- 
lowed cold rinse. Parts are then 
torch welded and given another acid 
dip. Corroded aluminum sheets are 
cleaned hand with commercial sol- 
vent, then sanded with very fine paper. 
drofluoric acid plus sodium dichro- 
mate plus 10% sulfuric acid applied, 
followed cold rinse. After final as- 
surface hand-wiped with wash 
lacquer thinner, polished, 
oughly waxed.—ALL. 


Preparation Steel Surfaces Before 
Painting. Baudot. Paper presented 
the Societe Metallurgie (1947) Oct. 


The results large number paint 
exposures steel various states 
surface preparation are described. Good 
results were obtained with steel thor- 
oughly rusted and brushed, and when 
scale was intact, but partial removal 
scale gave poor results.—RPI. 


Cleaning Non-Ferrous Metals with So- 
dium Hydride. Alexander, Wire 
Wire Prod., 23, No. 35-41, 96-97 (1948) 
Jan. 

Detailed notes this method 
cleaning which can applied any 


ABSTRACTS 


metal alloy which does not react with 
fused caustic soda and can heated 
370° without adverse effects. Data 
for brightening dip composition and 
duration hydride treatment for vari- 
ous non-ferrous metals and alloys. Gives 
recommended procedures equipment and 
applications. 


Cleaning Surfaces Erosive 
Blasting. Joseph Albin, Metal Finishing, 
46, 54-56 (1948) Mar. 

Above method cleaning, also known 
seed soft-grit blasting, promises 
interesting applications the metal- 
finishing field. Describes its use air- 
lines maintenance for cleaning engine 
parts without causing abrasion crit- 
ical surfaces. Details production 
methods, economy, and flexibility the 
process are discussed.—RLR. 


UNDERGROUND 


Salt Medium Corrosion Un- 
derground Cables. Andrews, Cor- 
rosion, 93-98; discussion, 98-100 (1948) 
Mar. 


areas where grounded d-c electric 
railways are operated, some the re- 
turn current strays from the rails 
underground such 
lead-covered telephone cables, caus- 
ing serious anodic corrosion problems. 
Protection usually provided low- 
resistance copper conductors connecting 
the cables the negative return the 
railway system. This method, where 
several structures are drained com- 
mon point, has disadvantage that 
various structures have different poten- 
tial gradients. Typical this corro- 
sion the vicinity rail switches 
treated with salt prevent freezing. 
Action stray current then causes so- 
dium hydroxide form around the ca- 
bles, especially ducts. Remedy applied 


you want Cathodic PROTECTION 
not just Cathodic Protection Equipment 
call ELECTRO RUST-PROOFING 


two corrosion problems are exactly alike that’s one 
reason stereotyped solutions won’t work. Cathodic protec- 
tion, properly engineered and economical, effec- 
tive and practical. E.R.P. offers preliminary engineering, 
design, equipment and installation services for individual 
solution each particular problem. For data cathodic 
protection structures from pipe lines elevated tanks, 
call E.R.P. without obligation. 


ELECTRO RUST-PROOFING 


E-10 


BELLEVILLE NEW JERSEY 
REPRESENTED PRINCIPAL CITIES 


flushing with water when 


Gas Utility Underground Pipe 
sion Mitigation Practice. 
Mich. Consolidated Gas Co., Detroit, 
per before NACE Ann. 
April 7-10, 1947, Corrosion, No. 
(1948) Feb. 


tributing companies urban and 
ban areas. Procedure and 
wrapping steel pipe various sizes 
given. Steel pipe used has about 
third the thickness cast iron 
Saran nipples installed with compres. 
sion coupling are used separate the 
major lines from small latera! 
These break the continuity flow 
stray currents and isolate ele: 
one section from another, confining po- 
tential damage one section. use 
adapted Pearson Fault 
and results obtained are described. Two 
pipe day using this instrument. 
plings constitute one-third the faults, 
accidental coating faults prey 
pipe are responsible for 40% the 
faults. Sketch test lead connections 
coated and wrapped 


Corrosion Steel and Its 
Nycander Nilson, Jva, 28-30, 
(1947); Chem. Absts., 41, No. 13, 4085, 
(1947). 


Corrosion steel the earth gen- 
erally less extensive than the air. Cor- 
rosion may anticipated earth 
which contains high percentage 
acid salt. The value bituminous 
coatings discussed. Steel immersed 
Sweden 1931-1936 and examined 
1945-1946 had been coated with two 
coats red lead and final coat 
were intact and the coating good 
dition. coating one the best, 
except with acidic 


Chem., 39, No. 10, 101A-102A (1947) Oct. 

Description composition, properties, 
applications and results corrosion tests 
Chlorimet and are summarized. 
These alloys (60-63% nickel, 18-32% 
molybdenum, and 18% chromium, 2-3% 
iron, silicon, manganese) are 
suitable for handling all concentrations 
sulfuric acid, hydrogen-chloride, wet 
chlorine, acetic acid, rayon 
bleach solutions and many other chemi- 
cals. Effect heat treatment and com- 
hydrochloric acid and 0.5% nitric acid 
158° aerated and corrosion resist- 
ance the two alloys aerated sulfuric 
acid 176° are graphed. 
Chlorimet (containing chromium) 
preferred for reducing conditions, and 
chromium-bearing Chlorimet oxi- 
dizing conditions. Recent tests 10% 
ferric chloride containing 
gen-chloride and 45% ferric 
containing 0-1% indi- 
cate that high silicon irons may ‘useful 
handling this combination chemi- 


INCO. 


Theoretical Aspects Corrosion and 
Oxidation. Evans, Metaux Corro- 


sion, 22, Nos. 267/268, 184-191 (1947) 
Nov./Dec. 


ing absence cracks; atmo pheric 
oxidation and corrosion under 
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merged metal; classification the cor- 
process according the cathodic 
inhibitors; prevention corrosion 
paint. This theoretical develop- 
ment based Wagner’s equation. 


references. 


q 

Films Metals. Part III. Elec- 
Formed Aluminum Under 
the Gaseous Discharge. 


The structure and mechanism oxide- 
aluminum were stud- 
glow discharge, both cathodic 
oxidation being investigated. 
was infinitely more rapid 
than oxidation. Cathodic oxi- 


ation faster than anodic, and the 


had more regular struc- 
(that than the anodic 
which had structure resembling 
formed air oxidation room 
Study the results led 
certain conclusions regarding the role 
the electrical field electrolytic oxida- 
and regarding differences between 


air and electrolytic 
oxidation. 

q 

Galvanic Corrosion and Concentration- 
53, No. 382-86 (1948) Mar. 

Recognition galvanic corrosion; 
protection sacrificial an- 
impressed current; concentration- 
metals 

Civil Eng., Structural paper No. 17, 

Hudson (pp. 3-18) surveys protective 
methods and protection 
metallic and other coatings; Fancutt 
(pp. 19-35) discusses protection 
means paint. with particular reference 
the effects surface preparation. Nu- 


people took part the discus- 
sion, which reported 


Corrosion Underground Steam Line 
and Winans, Detroit Edison Co. 
Paper, Natl. District Heating Assoc., St. 
Heat. Vent., 45, 
No. 83-5 (1948) June. 


report presented corrosion 
metals different sites along 
the miles underground steam lines 
the Detroit Edison Co. Failures found 
attributed inadequacy under- 
system and air space, and 
Porosity and poor jointing the con- 

envelope permitting inleakage 
water. Test techniques are de- 
Copper alloys are far 
than are cast iron, Steel, 
iron. However, when substances 


ther than oxygen, minerals 
control corrosion, copper and 
alloys may corrode rate equal 
greater than that experienced the 
ferrous materials. None the 
metals differ their resistance 
does appear improve its resist- 
corrosion for the service studied. 


ABSTRACTS 


the metals tested, only Inconel and 
the stainless steels appeared suffi- 
ciently corrosion resistant merit con- 
sideration. Results tests salt spray 
and saturated brine are charted. 


Corrosion and the Formation Pro- 
tective Coatings Underground Pipes. 
Haase. Archiv fur Metallkunde, 
Nos. and 12, 471-475 (1947) Nov. and 
Dec. 

Author discusses different aspects 
soil corrosion (moisture content, dis- 
solved salts and gases, attack sul- 
phides, soil), and says that 
not enough known about the nature 
different 


Bacteria That Destroys Concrete and 


One-Hand 
WILKINSON 
Quality 
Line 
Locator 

LIGHT 


HANDY 
POWERFUL 


This the locator that has set 
new high standards for perform- 
ance. used leading utilities 
and municipalities. light but 
powerful—a simple, one-man tool 
that does EVERY job. Regardless 
depth, part your underground 
pipe system can hide from this elec- 


uw 


Steel. Butlin. Discovery, 151-155 
(1948) May. 

Describes sulfur cycle and how sul- 
fate-reducing bacteria 
corrosion above materials. Gives 
suggested methods protection. Elec- 
tron micrographs are given different 
species such bacteria—BLR. 


Copper Underground: Its Resistance 
Soil Corrosion. Copper Development 
Association, London, C.D.A. Publication 
No. 40, pages (1948). 


Presents laboratory studies 
sults field tests copper, lead, steel, 
and cast iron with particular reference 
use copper pipes for underground 
gas and water services. Includes num- 
erous data tables. references—BLR. 


soundly 
designed, sturdily 
built, precision 
locator 


tronic sleuth. Its skill detection unhampered powerful broadcasting stations 
high-tension lines, and does the sorts jobs that stymie ordinary devices. Equip with 


proven professional instrument. 


WILKINSON LINE LOCATOR 


(Pat. Pending) 


Write for complete literature and prices 


WILKINSON PRODUCTS COMPANY 


Originators of light weight all-purpose quality locators 


Box 1774, Wilshire-LaBrea Sta., Los Angeles 36, California 


the Academy Sciences the USSR, Sec- 
tion Chemical Sciences), 29-39, (1948) 
P 
| 


BILLION DOLLARS 


YEAR 


The annual toll taken the ele- 
ments that cause rust and corrosion 
staggering. How much this 
are you needlessly paying 
costly replacement and mainte- 
nance because you didn’t pro- 
vide protection for exposed in- 
stallations and equipment? 


Hot-Dip Galvanizing 
Seals the Base Metal 


When base metal encased rust- 
preventing zinc the Hot-Dip 
Galvanizing process the ravages 
rust and corrosion can’t touch the 
metal because sealed in. Rust 
and corrosive elements are sealed 
out. 


Write for Membership Roster 


Every member this Association 
has the cumulative experience 
the entire membership his dis- 
posal. has the most modern 
equipment and trained organiza- 
tion that are your service. For 
membership roster, write The Sec- 
retary, American Hot Dip Galvan- 
izers Association, Inc., First National 
Bank Building, Pittsburgh, Pa. 


ABSTRACTS 


WATER 


The Theoretical Basis for the Deter- 
mination and Calculation Aggressive 
Carbon Dioxide Natural Waters. 
Schmassmann, Schweizer Archiv., 13, No. 
275-283 (1947) Sept. 

After short introduction the author 
discussed the lime/carbon dioxide equi- 
librium (solubility product calcium 
carbonate; the first and second dissocia- 
tion constants carbonic acid; effect 
salts the lime/carbon dioxide equi- 
librium) and aggressive carbon dioxide; 
the hydrogen iron concentration nat- 
ural waters. ref. Nomograms for de- 
termination and “free non-aggres- 
carbon dioxide.—BNF. 


The Corrosion Heating Surfaces 
Boiler Plants: Further Studies Deposit 
son, Eng., 185, 215-216; discussion, 212- 
213 (1948) Feb. 27. 

Presents results study the rela- 
tive corrosion cast iron and steel 
air heaters and heat exchangers. Dis- 
cusses effects design corrosion re- 
sistance and the cleaning air heaters 
and heat exchangers washing.—BLR. 


Water Problems Diesel Locomotive 
Operation. Hanson, Gulf, Mobile 
Ohio Railroad Company, American 
Waterworks Association, 40, 
971, (1948). 

Probably the most effective method 
combatting the serious problem 
Diesel locomotive cooling system scale 
and corrosion employ water 
low dissolved solids content, adjust the 


Vols 


million. 572-573 
For controlling scale formation First 
doubtedly the most desirable elec 
the author states, although zeolite, lime. 
soda internal treatment fill water. 
needs. For example, zeolite treatment 
satisfactory and may less costly 
the water supply initially clear 
low hardness and alkali salts. 
Deaerated feedwater with Data 
above for the steam generators water 
found non-corrosive tests; with. Electri 
out deaeration, feedwater was shown 
12.5, although promising results 
ducing corrosion were 
operating locomotive maintaining the 


9.8 with internal treatment. 


The Behavior Metallic Materials 
Relation Very Dilute 
tions. Haase, Arch. Meta 
No. 259-264. 

H.. discusses: 
tween the composition the aqueous 


solution, particularly sodium 
and the progress the corrosion 
iron, the formation and properties 


protective films formed metal 


faces during corrosion, 
hydroxides formed lead, zinc, iron, 


especially the 


galvanized iron, and aluminum, the 


corrosive action natural waters 
and 


taining alkaline carbonates, 


corrosion metals moisture 


Outpe other more complex, more costly 


Answers problems never before solved. CLEAN, SIMPLE USE! 
Eliminates Slushing 


PROOF: steel parts exposed 
months industrial-marine atmos- 


Without Without but 


pepers for industrial, building ond 


MORE than non-corrosive paper 
lutionary packaging method COMPLETE 
rust Get the facts now! 


CORPORATION 
FRAMINGHAM MASS. 


Industrial Packaging Engineers 


Rust with Angier VP! 


Since 1895 
Gentlemen: Please send FREE 
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Since 1895 


TAPECOAT Company 


1523 LYONS STREET, EVANSTON, ILLINOIS 
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Orientation Thin Copper Oxide 
Films Copper. (In French.) Henri 
Comptes Rendus (France), 226, 
(1948) Feb. 16. 
First, calls attention major error 
previous note (v. 224, 1947, 1003). 
Then gives results study, means 
electron diffraction, films formed 
copper during immersion boiling 
water, —BLR. 


High Alkalinity and Organic Mate- 
for Slude Removal. Adkins, 
Combustion, 19, No. 10, (1948) April. 
Data the experience 
water problem South Omaha Steam- 


Boiler Corrosion and Water Treat- 


ABSTRACTS 


ment. Admiralty, Brochure, 1945 (pub- 
lished 1947), pp. H.M.S.O. 6s. 
Provides descriptions (with numerous 
illustrations, some color) 
oretical explanations types corro- 
sion encountered service, with sug- 
gestions for obviating minimizing 
them. Also discusses scale formation; 
priming; chemistry distilled water, 
shore waters and sea water; and chemi- 
cal treatment boiler water. Appen- 
dices deal with circulation 
transfer boiler tubes, 


Corrosion Vertical Turbine Pumps. 
Larson. Corrosion, 412-420 (1948) 
Aug. 

Describes and illustrates various types 
corrosion water pumping systems. 
—BLR. 


How Protect 


shiny finish. 


CONNECTIONS 
with TAPECOAT 


It’s easy protect street service connections cast iron steel pipe with 
TAPECOAT the protective coating handy tape form. 

shown illustration, you simply wrap TAPECOAT around the con- 
nection, flashing the torch flame lightly the TAPECOAT wrapping 
proceeds, fill voids and avoid bridging, you fold the TAPECOAT and 
bandage around the pipe the connections. The use the torch keeps 
soft and pliable for quick, easy shaping the contour the pipe. Note 
how easily the coupling protected this way. When wrapping com- 
pleted, you flash torch flame over TAPECOATED section bleed coating 


New York Office: 489 Fifth Ave., New York 17, 
Denver Office: 1564 Valentia St., Denver Colo. 
Houston Office: 514 Building, Houston Texas 
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Report (A.S.T.M.) Committee D-19 
Water for Industrial Uses (Corrosion 
Metals). Amer. Soc. Test. Mat. Pre- 
print No. 78, pp. (1947). Progress 
report. 

proposed tentative practice for cor- 
rosion tests (NDHA method) indus- 
trial waters described detail. 
particularly applicable for waters (up 
200° C.) relatively free suspended 
materials. Three helical coils wire 
are exposed for days until 10% 
loss weight Particulars 
the corrosion rate non-ferrous 
and ferrous wires are 
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Write for complete details this practical, economical protection 


HILL 


PIPE PROTECTI 


PROGRESSIVE 

ADVANCEMENT 
YESTERDAY, 
TODAY and 
TOMORROW 


ASSOCIATION CORROSION ENGINEERS 


Located the HUB the steel pipe producing areas for years, 
HILL, HUBBELL can point all directions many thousands miles time 
tested coated-and-wrapped pipe installations the COUNTRY OVER that bear the 
trade name HILL, HUBBELL. 


Newly devised angular grit blasting machinery for the absolute cleaning 
your pipe before being primed, together with advanced coating-and-wrapping 
methods, keeps you progressively advanced the field applied pipe 
tion its best, marked savings you. 


CLEVE LAN OHIO. 


i 
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industry escapes... 


how much pay? 


Save waste 


one form another acids, alkalis, salts, gases and 
atmospheric conditions cause corrosion damage. 
every industry losses are prevalent losses time, 
materials and equipment, much which could have 
been avoided. Minimize your risk —do these two 
things now 


Provide adequate protection for danger points. 


because the effects corrosion are often hidden. 
report conditions they find them. They’ll 
recommend steps take greater protection can 
provided and money saved. Inquiries from interested 
executives will receive prompt attention. There’s 

obligation write today. 


ing 


Dept. IG, 4809 Firestone Blvd., South Gate, 


EXAMPLE OF NEEDLESS LOSS — This 6” valve has 
been exposed to atmospheric conditions, near the sea- 
coast. Improperly coated, it was ruined in a short time. 


SHREVEPORT, LOUISIANA 


